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Membership Drive 


Now is the time for every member of the Ento- 
mological Society of America to constitute himself a 
missionary and take a look around his department, 
or laboratory, or museum for prospective new mem- 
bers for the Society. Perhaps the following para- 
graphs will outline a plan of approach. 

Much has been written on the practical advantages 
of membership and they are well known to all of 
you. But the real values are less easily defined. Who 
among us can forget his first National Meeting and 
the inspiration that came from meeting the well 
known men who up to that time had been only 
names on the title pages of text books or bulletins? 
How gratifying it was to find that these elder states- 
men of the profession were willing and anxious to 
discuss our problems with us, and encourage us. Cer- 
tainly the privilege of meeting and getting to know 
fellow entomologists both as men and as co-working 
scientists is the greatest value that comes with our 
Society membership. 

Since the Society serves both its membership and 
the public the active member enjoys certain per- 
sonal advantages, but more important, his own po- 
tential service to his profession and his fellow man is 
increased significantly. Even the non-member en- 
joys many advantages due to the Society’s activi- 
ties. Because of this most of us believe that every 
professional entomologist is under obligation to join 
and take an active part in the Society’s program. 

When approaching prospective members the So- 
ciety’s widespread activity in all phases of entomol- 
ogy should be outlined. Tell them about the various 
subject matter sections, the regional branches that 
provide a local meeting annually for every entomolo- 


gist in the country, the committees that study and 
report on current research on important pests, or 
develop approved lists of common names, or repre- 
sent the society in Washington when bills affecting 
the profession or its work are under consideration. 
Society membership also confers the franchise in en- 
tomological matters, a privilege that should be high- 
ly valued. Members not only may vote on the So- 
ciety’s officers each year but may attend business 
sessions, present their views, and have a part in all 
Society legislation. 

On the strictly personal side membership offers 
many opportunities for professional improvement 
and increase in stature. Publication privileges, the 
opportunity to meet and confer with administrators 
in the profession, and presenting papers at Branch 
or National meetings, all are excellent means of pre- 
senting one’s abilities in a manner likely to be noticed. 
Recent graduates looking for positions certainly 
should join the Society both for personal and al- 
truistic reasons. All should be strongly urged to do 
so. In view of the liberal student rates for member- 
ship, graduate students in entomology should also 
be encouraged to affiliate early in their careers. 

Finally it should be emphasized that the present 
membership drive is not being made in an effort to 
bolster the sagging fortunes of a faltering organiza- 
tion. The Entomological Society of America is 
financially strong and its morale is high. It is sure to 
remain so. Its membership is the largest of any so- 
ciety in the biological sciences. Its publications are 
highly respected and widely read. There is every rea- 
son for pride in membership. 

Tue MemBersuie COMMITTEE 


1955 MEMBERSHIP RATES 


By a recent vote of E. S. A. members, dues of ac- 
tive members for 1955 have been set at $10. Active 
members automatically will be entitled to either the 
Journal or the Annals. The second periodical, if de- 
sired, will be available to members at $4. This does 
not apply to student members, whose dues remain at 
$2, and who may, if they wish, subscribe to the 
Journal or Annals at $4 each. This means that the 
cost to members receiving one or both periodicals is 
the same as in 1953 and 1954, the significant change 
being that active membership at a $6 rate is abol- 


ished. Active members now receiving both the 
Journal and Annals will have the Journal subscrip- 
tion covered by the membership dues, and the An- 
nals subscription will be covered by the additional 
$4 charge. This arbitrary choice is purely for conven- 
ience in bookkeeping, since the Journal has the 
larger circulation. Active members not receiving 
either Journal or Annals in 1954 should advise the 
business office, 1530 P Street, N.W., Washington 5, 
D. C., as to which one they wish to receive in 1955. 
Asa.ey B. Gurney 


The Thirteenth Tobacco Workers’ Conference will be held at the 
Hotel Jefferson, Richmond, Virginia, on January 11-13, 1955. 


The annual meeting of the Cotton States Branch ESA will be held in 
Tampa, Florida at the Tampa Terrace Hotel, January 17 to 19, 1955. 
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The Effects of Insecticides on Cytochrome Oxidase 
Obtained from the American Cockroach! 


P. E. Morrison and A. W. A. Brown,? Department of Zoology, University of Western Ontario, 
London, Canada 


It has already been reported that or- 
ganic insecticides have various and char- 
acteristic effects on the rate of oxygen con- 
sumption by the German cockroach (Har- 
vey & Brown 1951). Following the dis- 
covery of the cytochromes in insects by 
Keilin (1925), the importance of cyto- 
chrome c was demonstrated by Barron & 
Tahmisian (1948) and by Sanborn & 
Williams (1950). Recently, studies have 
been made of cytochrome ¢ oxidase in 
Musca (Sacktor 1952), in Drosophila (Bo- 
denstein & Sacktor 1952) and in Peri- 
planeta (Sacktor & Bodenstein 1952). The 
insecticide DNOC has been found to have 
a stimulatory effect on cytochrome oxi- 
dase in yeasts (Krahl & Clowes 1934) and 
embryo grasshoppers (Bodine & Boell 
1938), while the biological oxidation prod- 
ucts of phenothiazine inhibit this enzyme 
in beef heart muscle (Collier 1940, Collier 
& Allen 1942). Recently DDT has been 
reported as inhibiting the cytochrome oxi- 
dase of rat liver (Johnston 1950), although 
similar concentrations in a different sol- 
vent had been found to be stimulatory 
(Torda & Wolff 1950). Sacktor (1949)4 
has demonstrated that DDT and meth- 
oxychlor partially inhibit the cytochrome 
oxidase of the house fly. Since he found 
that DDT-resistant strains of this insect 
have 50 per cent more cytochrome oxidase 
than normal house flies (Sacktor 1950), 
he suggested that resistance to this insec- 
ticide was due, at least in part, to an in- 
creased content of this enzyme (Sacktor 
1951). In the present investigation, the 
effect of 26 organic insecticides on the cy- 
tochrome ¢ oxidase of muscle tissue from 
the American cockroach has been deter- 
mined in vitro at concentrations of 10-* M 
and 10->° M, 


r 


é 


MateriAL.—The source of enzyme con- 
sisted of the four coxal muscles taken 
from the mesothorax and metathorax of a 
male American cockroach, Periplaneta 
americana (L). The insects had been 
reared on compressed meat-vegetable pel- 
lets, powdered yeast and water at a tem- 
perature of 80° F. and a relative humidity 
of approximately 70 per cent. Muscle tis- 
sue had been shown to be the richest 
source of cytochrome oxidase in this insect 
(Sacktor & Bodenstein 1952), and males 
to have a higher enzyme content than fe- 
males (Barron & Tahmisian 1948). For 
each experiment sufficient coxal muscle 
was taken from one insect to weight 30 
mg., which with an average moisture con- 
tent of 66.7 per cent corresponded to a 
dry weight of 10 mg. 

Glass-redistilled water was used 
throughout. The micro-homogenizer em- 
ployed was all-glass (Microchemical 
Specialties Co.) and of an improved Pot- 
ter-Elvehjem type. The cytochrome ¢ and 
ascorbic acid were purchased commercial- 
ly (Nutritional Biochemicals Corp.), the 
molecular weight of the former being 
taken as 13,000. Vaseline was used in- 
stead of lanolin (Quinlan-Watson & Dewey 
1948) to grease the manometer joints. 
Glassware was cleaned with carbon tetra- 
chloride followed by dichromate solution. 

The insecticides tested were obtained 
in as pure as form as possible, and the 

1 This investigation was financially assisted by a grant-in-aid 
from the National Research Council of Canada. 

2 The authors wish to express their gratitude to Dr. Murray 
S. Blum, Department of Entomology, University of Illinois, for 
supplying a specially purified sample of pyrethrins; and to W. E. 
Craig, Rohm and Haas Company, Philadelphia, for supplying 
specially distilled samples of the active compounds in [alan 60 
and Lethane 384. 

3 See table 1 for formula. 

4 Sacktor, B. 1949. The effect of DDT and methoxychlor on 


cytochrome oxidase in two strains of house flies, Musca domestica 
L. Unpublished thesis, Rutgers University. 
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solid ones were recrystallized from ethanol 
shortly before use. Their purity and 
sources are listed in table 1. They were 
dissolved initially in a mixture of equal 
parts of acetone and ethanol (both redis- 
tilled) which was diluted with 9 parts of 
water containing 0.5 per cent Triton X- 
100 emulsifier (Rohm and Haas Co.). The 
concentrations of insecticides employed 
in these solutions were 11.410-* M and 
11.4X10~ M, so that after addition to the 
enzyme digest the molarities of insecticide 
therein would become 1X10-* M and 
1X10~ M. 

Meruops.—The activity of cytochrome 
c oxidase was determined manometrically 
by the method of Schneider & Potter 
(1943), using a Warburg constant-volume 
respirometer with 15-cc. side-arm flasks. 
The substrate cytochrome c is maintained 
in the reduced state by sodium ascorbate, 
and the cytochrome oxidase activity is 
measured as the atmospheric oxygen con- 
sumed by the digest in oxidizing this re- 
duced cytochrome, while any carbon di- 
oxide that is produced is absorbed by po- 
tassium hydroxide solution. Since the rate 
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of oxygen consumption of the enzyme is 
linear, the effect of insecticides upon it may 
be ascertained as an alteration in this rate. 

Each test of an insecticide at one con- 
centration utilized a set of six Warburg 
flasks. Two flasks contained the insecti- 
cide, the enzyme and the substrate; two 
flasks contained enzyme and _ substrate 
but no insecticide, thus acting as enzyme 
controls; the remaining two flasks con- 
tained substrate without enzyme and in- 
secticide, and served as controls to correct 
for the non-enzymic autoxidation of so- 
dium ascorbate. 

The following materials were pipetted 
into the moat of each of the Warburg 
flasks used in the experimental determina- 
tions: 

1.0 cc. of 2.4107 M cytochrome c 


0.3 cc. of 4X 1073 M aluminum chloride 
0.3 cc. of 0.114 M ascorbic acid in 0.1 N NaOH 


Then into the side-arms of the flasks 
were added 0.25 cc. of an aqueous solution 
containing 5 per cent acetone, 5 per cent 
ethanol and 0.5 per cent Triton X-100 
(see under Material) ready to be tipped 


Table 1.—Purity, source and full designation of insecticidal materials tested on Cytochrome Oxidase 


of Periplaneta. 








INSECTICIDE 


P, p’- Die hlorodiphe nyitrichloroethane 
DDD p,p’-Dichlorodiphenyldichloroethane 
Methoxychlor _p,p’-Dimethoxydiphenyltrichloroethane 
Lindane- gamma-Hexachlorocyclohexane 
Toxaphene Chlorinated Camphene 
es Chlord: an cis-Octachlorohexahydromethanoindena 


trans-Octachlorohexahydromethanoindene 
Heptachlorotetrahydromethanoindene 


—Chlordan 
Heptachlor 


Aldrin Hexachlorodiendomethanohexahydronaphthalene 
Dieldrin Epoxy derivative of Aldrin 
DNOC 3,5-Dinitro-ortho-cresol 
DNCHP 2,4-Dinitro-6-cyclohexylphenol 
DNBP 4,6-Dinitro-2-sec-buty]lphenol 
Nicotine White Label 
Rotenone From ground Derris root 
Ryania From Ryania speciosa plants 
Sabadilla From 50°, Sabadilla seed 


Pyrethrins Pyrethrin 2 Pyrethrin II, Cinerin I, Cinerin I 


Allethrin dl-2-allyl-4- hydroxy- 3-methy]-2-cyclopenten-l- 
one ester of dl-cistrans-c -hrysanthemum mono- 
carboxylic acid 
TEPP Tetraethy] pyrophosphate 


Diethyl p-nitrophenyl! thiophosphate 

bis(dimethylamino) phosphonus anhydrate 

0,0-dimethy] | eee of diethyl mercap- 
tosuccinat 

Yellow Label (Practical) 

-Thiocyanoethy] laurate 

-Butoxy- -thiocyano-diethy] ether 


Parathion 
Schradan 
Malathion 


Phenothiazine 
Lethane 60 
Lethane 384 











Moar 
CONCEN- 
TRATION 
Purity SouRCcE JsED 
Purified Ex xperiments re Stn. Suffie Id 10-3 & 107-5 
Purified Rohm = Haas Co. 10° & 10% 
Purified DuPont Experimental Stn. 10-3 & 10° 
Purified Experimental Stn. Suffield? 1073 & 10° 
Purified Hercules Powder Co. 1073 & 1075 
Purified Julius Hyman & Co. 10° & 105 
Purified Julius Hyman & Co. 10-3 & 1075 
Purified Julius Hyman & Co. 10-3 & 1075 
Purified Julius Hyman & Co. 10-3 & 10-5 
urified Julius Hyman & Co. 1073 & 107* 
Purified Standard Agric Chemicals 103 & 10% 
Purified University of Toronto® 10°3 & 105 
Purified Dow Chemical ao od 1073 & 10% 
Purified Eastman Kodak Co. 10-3 & 10% 
Purified U niversity = Toronto 10-3 & 10° 
Ether Extract? Merck & C “eo 
Ether Extract?’ McConnon ‘k Co. 10-3” 
Purified University of Illinois® 10°35 & 10° 
Purified U. S. Industrial Chemicals Co. 1073 & 10% 
40% in Monsanto Chemical Co. 10-3 & 1075 
phos hates 
Purifie American Cyanamid Co. 10° & 10% 
Purified Se. Service Lab. London, Ont. 1073 & 10% 
Purified American Cyanamid Co, 10-8 & 10° 
Purified Eastman Kodak Co. 10-3 & 10% 
Redistilled Rohm & Haas Co.6 107% & 10° 
Redistilled Rohm & Haas Co.6 1073 & 10° 





1 Purified by D.B.W. Robinson. 

2 Purified by W. W. Hopewell. 

8 Purified by G. F. Wright. 

4 Synthesized by E. Y. Spencer. 

5 Approx. composition pyrethrin I 35% cinerin I 15% pyrethrin 


II 35% cinerin II 15° 


6 Pure compound isolated from petroleum distillate present in commercial compound. 


7 Concentration expressed as if ether extract consisted entirely of active principle. 




















‘nto the reaction moat. In two of the 
‘asks this solution contained the insecti- 
ide to be tested, while in two other flasks, 
sed as enzyme controls, the solution 
iacked the insecticide. 

The coxal muscles were obtained from 
ihe legs after they had been severed at 
iheir base, and were squeezed out manu- 
ally. Muscle fibres were removed until the 
tissue weighed exactly 30 mg., and it was 
then homogenized in 1 cc. of water at 1000 
:.p.m. for 1 minute in an ice bath. The 
lomogenate was diluted with 4 cc. of 
phosphate buffer at pH 7.2, made by add- 
ing 3 parts of 0.05 M NazHPO, to 1 part 
of 0.05 M NaH-PO, (Slater 1949). Ali- 
quots of 1.0 ec. of this homogenate were 
pipetted into each of 4 flasks, the 2 autox- 
idation controls receiving 1 cc. of phos- 
phate buffer instead. Each centre-well re- 
ceived 0.3 cc. of 20 per cent KOH solution 
and a strip of filter paper, and its rim was 
greased with vaseline. During these prep- 
arations the flasks were kept in an ice 
bath. 

The digests were then transferred to the 
water bath, which was kept at 27° C., and 
were rocked horizontally 100 times a min- 
ute. After allowing 15 minutes for tem- 
perature equilibration, the taps were 
closed, and readings were taken every 10 
minutes. After the digests had thus pro- 
ceeded for 40 minutes, the contents of the 
side-arms were tipped in, and readings 
were resumed for a further 110 minutes at 
least. 

The final pH of the digests after the 
contents of the side-arm had been tipped 
in averaged 7.25. With a basic insecticide 
such as nicotine the pH rose to 7.37; with 
the acidic DNOC the pH remained at 
7.25, and with TEPP it fell to 7.14 after 
40 minutes and 6.92 after 2 hours. These 
were the extreme pH changes, which with 
the other insecticides were negligible. 

The manometer readings in mm. were 
converted to the volume of oxygen con- 
sumed in cu. mm. by application of a con- 
stant pertaining to each flask-manometer 
combination (Umbreit et al. 1949). The 
oxygen consumption due to the enzyme 
cytochrome oxidase was determined by 
subtracting the value of the autoxidation 
controls. This latter value averaged 0.4 
cu. mm./min./flask, whereas that of the 
flasks containing enzyme was three to five 
times this value. None of the insecticides 
was found to have an effect on the rate 
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of autoxidation, except DNCHP* which 
completely inhibited it. The concentration 
of cytochrome c in the digest (0.84 10~ 
M) was evidently sufficient to saturate the 
enzyme, since tests with increased cyto- 
chrome c concentration failed to increase 
the enzyme activity. 

Resutts.—The effects of the various 
insecticides upon the oxygen uptake by 
cytochrome oxidase are presented graph- 
ically in figures 1 to 8. These consist of 
cumulative plots of 150 minutes’ duration, 
based on duplicate tests, the average vari- 
ation between which was 5.6 per cent. It 
will be seen that in the control digests the 
oxygen uptake is linear with time for at 
least 80 minutes before decreasing grad- 
ually. The muscle samples showed activ- 
ities, per unit dry weight of tissue, be- 
tween 0.06 and 0.11 cu. mm./mg./min. 

The solution in aqueous acetone-alcohol 
was tipped into the digest after it had 
proceeded at a measured rate for 40 min- 
utes. The reason that the solution con- 
tained 0.5 per cent Triton X-100 was that 
this detergent eliminated, as found by ex- 
periment, the slight inhibition of enzyme 
activity caused by the aqueous acetone- 
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Fic. 1.—Oxygen consumption of cytochrome oxidase 
from Periplaneta before and after treatment with 
DDT, DDD and methoxychlor. Empty circles: un- 
treated control. Solid circles: treated with insecti- 
cide. 
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Fic. 2.—Oxygen consumption of cytochrome oxi- 
dase from Periplaneta before and after treatment 
with aldrin, dieldrin and toxaphene. 


alcohol alone. It is considered that this 
surface-active agent prevents the floccula- 
tion of the enzyme colloids by the acetone- 
alcohol solution (Sacktor 1949). 

DDT and analogues (Fig. 1). When 
DDT was added at 10-* M, it caused an 
initial increase, followed by a progressive 
inhibition at 50 minutes which became 
complete at 100 minutes. When added at 
10-° M, the initial stimulatory effect con- 
tinued for 100 minutes followed by a pro- 
gressive decrease for the following 50 min- 
utes. When DDD or methoxychlor was 
added at 10-* M, the enzymic action was 
completely inhibited within 50 and 20 
minutes respectively. When added at 10~° 
M, slight increases were noted for 60 and 
40 minutes respectively, followed by a 
progressive inhibition which became com- 
plete in the case of DDD but not of 
methoxychlor. 

Chlorinated Terpenes (Figs. 2 and 8). 
When aldrin or dieldrin was added at 
10-* M, they effected complete inhibition 
within 60 minutes, dieldrin showing initial 
stimulation. When added at 10-5 M, both 
caused a slight inhibition which was pre- 
ceded by a slight stimulation with aldrin 
but not with dieldrin. Toxaphene at the 
higher concentration caused complete in- 
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MINUTES AFTER INSECTICIDE ADDED 


Fic. 3.—Oxygen consumption of cytochrome oxidase 
from Periplaneta before and after treatment with 
a-chlordan, 8-chlordan and heptachlor. 


hibition within 20 minutes, and at the 
lower it gradually showed an incomplete 
inhibition after 70 minutes. When the 
chlordane compounds: a-chlordan, 6- 
chlordan or heptachlor, were added at 
10-* M, virtually complete inhibition was 
obtained within 50 minutes. When added 
at 10-° M, they caused a slight increase in 
oxygen consumption which lasted for 70 
to 100 minutes before a gradual inhibition 
set in. 

Lindane (Fig. 8). This chlorinated hy- 
drocarbon at 10-* M caused complete in- 
hibition after 50 minutes. At 10-5 M it 
slightly stimulated oxygen consumption 
for 90 minutes before a gradual inhibition 
supervened. 

Dinitro compounds (Fig. 4). At the 
lower concentration of 10-> M the three 
compounds tested all induced a significant 
stimulation, being greatest with DNCHP 
and least with DNBP. At 10° M, 
DNCHP almost immediately inhibited 
the cytochrome oxidase; it also inhibited 
the autoxidation of ascorbic acid. As a 
result the graph does not become horizon- 
tal, as it does when only the enzyme is in- 
hibited, but it proceeds downwards by the 
amount that autoxidation required to be 
subtracted from the observed figures for 
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Fig. 4.—Oxygen consumption of cytochrome oxi- 
dase from Periplaneta before and after treatment 
with DNOC, DNCHP and DNBP. 


the enzyme. DNBP achieved complete in- 
hibition after an initial stimulatory period 
of 40 minutes. DNOC at 10-* M did not 
show inhibition within the period of ob- 
servation. 
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Fic. 5—Oxygen consumption of cytochrome oxidase 
from Periplameta before and after treatment with 
pyrethrins and allethrin. 


MINUTES AFTER INSECTICIDE ADDED 


Fig. 6.—Oxygen consumption of cytochrome oxi- 
dase from Periplaneta before and after treatment 
with nicotine, rotenone, ryania and sabadilla. 


Botanical insecticides (Figs. 5 and 6). 
The sample of pyrethrins tested at 10-° M 
caused a complete inhibition within 20 
minutes, while at 10-> M it exerted no 
effect whatsoever. The synthetic an- 
alogue, allethrin, similarly was completely 
inhibitory at the higher and without effect 
at the lower concentration. Nicotine 
proved to stimulate the oxygen consump- 
tion of the enzyme at both concentrations, 
the stimulation being greatest at 10-* M. 
Rotenone markedly stimulated the en- 
zyme at 10~° M, but at 10-* M it caused 
complete inhibition after a 70-minute 
period of no effect. Ryania at 10~° M was 
almost without effect, inducing a gradual 
inhibition after 40 minutes, while saba- 
dilla at this (nominal) concentration ef- 
fected a more noticeable inhibition after 
20 minutes. 

Organic Phosphates (Figs. 7 and 8). The 
four compounds tested were all stimu- 
latory at 10-° M, the stimulation being 
most marked with malathion and TEPP, 
and transitory with parathion. At 10-* M, 
TEPP was significantly stimulatory and 
schradan slightly so, while parathion and 
malathion caused complete inhibition 
after 20 and 40 minutes respectively. 
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mo of partial inhibition. At the lower concen- 
TEPP 1o?™ TEPP io®w _-*2 tration it was very slightly stimulatory to 
100) .*.°¢ this enzyme system. At the higher con- 
wooo? ae" centration, Lethane 384 completely in- 
Le Ft a »° hibits and Lethane 60 almost completely 
°° ‘ inhibits; at the lower concentration, only 
° he Lethane 384 shows a significant degree of 
inhibition. 
Discussion.—These results from Peri- 
me planeta corroborate the discovery of Sack- 
°° 23° tor that DDT and methoxychlor inhibit 
f the cytochrome oxidase of Musca. They 
: ° also show that the inhibition is delayed in 
° ° appearing for approximately 1 hour after 
° 2? the addition of insecticide to enzyme; this 
delay in taking effect was not shown in 
Sacktor’s pioneer experiments in which in- 
.-¢s  hibitor was added to enzyme before inser- 
7 Y tion into the Warburg apparatus. They do 
A ae not adduce fresh evidence that the mode 
” a" °° of action of DDT in poisoning insects in- 
o volved cytochrome oxidase. This sugges- 
ae ee " obit, tion, first made by Munson & Yeager 
manen-—s0 a 3x See; lamin (1945), has been recently advanced with 
special reference to DDT-resistance in in- 
Fic. 7.—Oxygen consumption of cytochrome oxidase —_ sects by Chadwick (1952). The present re- 
_ PeeePr before and after treatment with — sults show that DDD resembles methoxy- 
2PP, parathion and schradan. ‘ Ps ae ll 
chlor in being more inhibitory than DDT. 
ihe ) Lindane also, among the chlorinated hy- 
Sulphur-containing compounds (Fig. 9). drocarbons, shows the characteristic pat- 
At a concentration of 10-* M, pheno- 
thiazine completely inhibited cytochrome 
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MINUTES AFTER INSECTICIDE ADDED 
Fia. 8.—Oxygen consumption of cytochrome oxidase 
from Periplaneta before and after treatment with Fie. 9.—Oxygen consumption of cytochrome oxi- 
lindane and malathion. (Name changed after figure dase from Periplaneta before and after treatment 
was made). with phenothiazine, Lethane 60 and Lethane 384. 
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tern of inhibition at high concentration 
and slight transitory stimulation at low 
concentration. 

The chlorinated 
slightly stimulatory at the lower concen- 


terpenes also are 
trations. At the higher concentrations 
they completely inhibit the oxygen up- 
take, toxaphene almost immediately, but 
aldrin, dieldrin and the chlordane com- 
pounds after a preliminary period of 60 
minutes. It is not clear whether this bears 
any relation to the 100-400 minute latent 
period found by Harvey & Brown (1951) 
to precede the neurotoxic increase in 
oxygen consumption by Blattella when 
poisoned with these insecticides. 

The stimulatory effect of DNOC, 
DNCHP and DNBP at low concentra- 
tions observed in these experiments agrees 
with the similar effect of DNP and DNOC 
on the oxygen consumption of eggs of 
Melanoplus differentialis, observed by 
Bodine & Boell (1938), who ascribed it to 
the cytochrome oxidase system. The in- 
hibitory effect of higher concentrations of 
dinitro compounds, also found by these 
authors, was shown by DNC HP - 
DNBP, but not by DNOC. DNCHP wa 
found by experiment to be the only in- 
secticide which inhibited the autoxidation 
of ascorbic acid. 

Among the botanical insecticides, ro- 
tenone, ryania and sabadilla are only 
slightly and gradually inhibitory at the 
high concentrations, while the pyrethrins 
and their synthetic analogue have no ef- 
fect at low concentrations. Decisive effects 
however do occur in this group, in partic- 
ular the stimulatory action of nicotine at 
10-° M and of rotenone at 10-° M, and the 
complete inhibition by pyrethrins and 
allethrin at 10-° M. 

Among the sulphur-containing com- 
pounds, phenothiazine at 10-* M_ has 
proved to cause complete inhibition of 
cytochrome oxidase taken from the Amer- 
ican cockroach. Collier (1940) and Collier 
& Allen (1942) had shown that the hy- 
droxy derivatives of phenothiazine: 
namely leucophenothiazone, leucothionol 
and thionol, inhibit both cytochrome ox- 
idase and catalase from mammalian 
sources. Moreover Zukel (1944) adduced 
evidence that the integumental tissue of 
the American cockroach converts pheno- 
thiazine to these hydroxy derivatives. The 
quoted assertions that phenothiazine it- 
self does not inhibit cytochrome oxidase, 
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just as it is not a catalase inhibitor, do not 
appear to be supported by the published 
material; since the present authors were 
unable to find in the original papers of 
Collier (1940, 1942) a definite statement 
that phenothiazine was tested against 
cytochrome oxidase and failed to inhibit 
it. The effect of the thiocyanate com- 
pounds Lethane 384 and Lethane 60 is 
quite consistent with their depressant ef- 
fect on respiration (Harvey & Brown 
1951) and their content of cyanide, which 
however animal tissue is unable to release 
from the higher thiocyanates. 

Of the organic phosphates, only mala- 
thion and parathion cause complete in- 
hibition, requiring the higher concentra- 
tions to do so. All the organic phosphates, 
and particularly TEPP, show varying de- 
grees of stimulation of the cytochrome ox- 
idase digest at some concentration. What 
relation this stimulation bears to their 
supplying phosphate, pyrophosphate, or 
“high-energy phosphate” remains un- 
known. The same lack of interpretative 
background applies to the entire investi- 
gation, which is concerned with the exten- 
sion of observations on phenomena. The 
relation of these effects on cytochrome ox- 
idase to the mode of action of the insect- 
icides would require the study of this en- 
zyme in vivo as the insect is progressively 
poisoned. 

SumMary.—The effect of 26 insecticidal 
compounds upon cytochrome ¢ oxidase 
obtained from the coxal muscle of the 
American cockroach was ascertained by a 
manometric method, using phosphate buf- 
fer in the enzyme digest. Under these con- 
ditions, all the chlorinated hydrocarbons 
tested completely inhibited the Sa 
chrome ¢ oxidase of cockroach muscle a 
10-* M concentration, and caused a slight 
transient stimulation at 10-° M. The in- 
hibition at the higher concentration was 
rapid in the case of DDD, methoxychlor, 
lindane and toxaphene, but slow in onset 
with DDT, aldrin, dieldrin and the chlor- 
dane compounds. The dinitro compounds 
DNOC, DNCHP and DNBP were stim- 
ulatory at the lower concentration, the 
two latter compounds inhibiting at the 
higher concentration. The organic — 


phates, especially TEPP, stimulated ; 

one or both concentrations, only ae 
thion and malathion completely inhibit- 
ing at 10-* M. Nicotine stimulated at both 
concentrations and rotenone at 10-> M 
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only, while the pyrethrins and allethrin§ markedly inhibited cytochrome oxidase. 
completely inhibited cytochrome oxidase The significance of these phenomena in 
at the higher concentration. At 10-* M, vitro will depend upon the results of in- 
phenothiazine, Lethane 60 and Lethane 384 vestigations performed tn vivo. 





LITERATURE CITED 

Barron, E. S. G., and T. N. Tahmisian. 1948. The metabolism of cockroach muscle ( Periplaneta ameri- 
cana). J. Cell. Comp. Physiol. 32: 57-76. 

Bodenstein, D., and B. Sacktor. 1952. Cytochrome ec oxidase activity during the metamorphosis of 
Drosophila virilis. Science 116: 299-300. 

Bodine, J. H., and FE. J. Boell. 1938. The influence of some dinitrophenols on respiratory metabolism 
during certain phases of embryonic development. J. Cell. Comp. Physiol. 11: 41-63. 

Chadwick, L. E. 1952 The current status of physiological studies on DDT resistance. Am. J. Trop. 
Med. 1: 404-11. 

Collier, H. B. 1940. Enzyme inhibition by derivatives of phenothiazine and sulphanilamide. Can. J 
Research B. 18: 345-50. 

Collier, H. B., and D. E. Allen. 1942. Enzyme inhibition by derivatives of phenothiazine. IIT. Catalase, 
cytochrome oxidase, dehydrogenases. Can. J. Research B. 20: 284-90. 

Graham, K. 1946. Respiratory enzyme mechanisms in an insect, with reference to the qualitative and 
quantitative effects of inhibitors as an approach to insect toxicology. Trans. Roy. Soc. Can., 
Sect. 5, 40: 41-76. 

Harvey, G. T., and A. W. A. Brown. 1951. The effect of insecticides on the rate of oxygen consumption 
in Blattella. Can. J. Zool. 29: 42-53. 

Johnston, C. D. 1950. The in vitro effect of DDT and related compounds on the succinoxidase system 
of rat heart. Arch. Bioch. and Biophys. 31: 375-82. 

Keilin, D. 1925. On cytochrome, a respiratory pigment common to animals, yeast and higher plants 
Proc. Roy. Soc. London. Ser. B. 98: 312-39. 

Krahl, M. E., and G. H. A. Clowes. 1934. DNOC and cytochrome c in yeast. Proc. Soc. Expt. Biol. 
Med. 32: 225-28. 

Munson, S. C., and J. F. Yeager. 1945. DDT-like effect from injection of other compounds into 
roaches. Jour. Econ. Ent. 38: 618. 

Quinlan-Watson, T. A. F., and D. W. Dewey. 1948. The estimation of cytochrome c oxidase in anima! 
tissue. Australian J. Scient. Research, Ser. B. 1: 139-61. 

Sacktor, B. 1950. A comparison of the cytochrome oxidase activity of two strains of house flies. Jour. 
Econ. Ent. 43: 832-7. 

Sacktor, B. 1951. Some aspects of respiratory metabolism during metamorphosis of normal and DDT- 
resistant house flies, Musca domestica L. Biol. Bul. 100: 229-43. 

Sacktor, B. 1952. The cytochrome c oxidase of the house fly, Musca domestica L. J. Gen. Physiol. 35: 
397-407. 

Sacktor, B., and D. Bodenstein. 1952. Cytochrome ec oxidase activity of various tissues of the Ameri- 
can cockroach, Periplaneta americana L. J. Cell. and Comp. Physiol. 40: 156-60. 

Sanborn, R. C., and C. M. Williams. 1950. The cytochrome system in the Cecropia silkworm, with 
special reference to the properties of a new component. J. Gen. Physiol. 33: 579-88. 

Schneider, W. R., and V. R. Potter. 1943. The assay of animal tissues for respiratory enzymes. II. 
Succinic dehydrogenase and cytochrome oxidase. J. Biol. Chem. 149: 217-27. 

Slater, E. C. 1949. The measurement of the cytochrome oxidase activity of enzyme preparations. 
Biochem. J. 44: 305. 

Torda, C., and H. G. Wolff. 1950. Effect of convulsant and anticonvulsant agents on the activity of 
cytochrome oxidase. Proc. Soc. Expt. Biol. Med. 74: 744-6. 

Umbreit, W. W., R. H. Burris, and J. F. Stauffer. 1949. Manometric Techniques and Tissue Metabo- 
lism. Burgess Publ. Co., Minneapolis. 227 pp. 

Zukel, J. W. 1944. Some effects of phenothiazine, phenothiazone and thionol on Periplaneta ameri- 

cana. Jour. Econ. ENt. 37: 796-808. 


INDEX IX, X, AND XI NOW AVAILABLE 


Index IX, covering 1948-49 Literature of Ameri- members of the Society $3.50, postpaid. Index X 


can Economic Entomology, is now being distributed. —_ (1950 literature) and Index XI (1951 literature) are 
This is a volume of 529 pages, bound in insect repel- also being distributed, priced at $1.50 and $2.00 
lent cloth. Price, to members, $2.50 prior to Novem- — each, to members and non-members, respectively. 
ber 1, 1954, after that $3.00, both postpaid. Postage | Orders should be sent to the Executive Secretary. 
and handling outside of the United States, its Terri- Index XII (1952 literature) is now going to press, 


tories, and Canada, 50¢ additional. Price, to non- — but the price has not been set. 






























Spray Combinations for Control of Apple 
Pests in Connecticut 


Puitie GarMAN, The Connecticut Agricultural Experiment Station, New Haven 


In 1952 eight spray combinations were 
applied to apple trees in our Mount 
Carmel orchard and seven to the same 
trees in 1953. We have attempted to eval- 
uate results not only as regards reduction 
of the injurious insects and diseases oc- 
curring in the orchard, but also from the 
standpoint of flavor and chemical analy- 
sis. It will be seen (from the 1953 results) 
that the best orchard pest control and 
superior flavor do not always coincide, 
though it is perhaps expecting too much to 
think that they should. Naturally, it will 
be impossible to present all the figures 
here, but some of the more interesting 
features are given. 

MATERIALS AND MeEtnHops.—All ap- 
plications were made with a power spray- 
er using a boom supplemented with a 
hand gun or broom. The variety was Mc- 
Intosh. The spray combinations! follow: 


1952 


1) Lead arsenate—sulfur—ferbam 

2) Lead arsenate—Glyodin? (Crag-341) 
3) Lead arsenate—captan 

+) Lead arsenate—Phygon 

5) 1189%—sulfur-ferbam 

6) Methoxychlor—TDE—sulfur-ferbam 
7) Methoxychlor—nabam 

8) Sulfur-ferbam 


~— 


1953 


Lead arsenate—captan 

2) Lead arsenate—captan—Glyodin (Crag 341) 
} strength) 

3) CS-708—TDE—ferbam 

t) CS-708—TDE—captan 

5) Methoxychlor—TDE—captan 

6) Methoxychlor—TDE—M anzate 

7) DDT-parathion (Black Leaf 253)—Phygon 
(early)—ferbam (late) 

8) Check—no spray 


_ 


The orchard was randomized with rep- 
lications of each treatment in each row. 
Dilutions were standard except where 
combination fungicides or insecticides 
were employed. Such combinations were 
half and half mixtures. In 1953 all spray 
ingredients were reduced one-third after 
the calyx period. It became necessary to 
apply TEPP once in 1952 for mites and 
woolly apple aphid and both Aramite and 
TEPP were applied in 1953. These special 
applications were apparently more im- 





portant than realized from a number of 
standpoints. All mite and aphid popula- 
tions were estimated before TEPP or 
Aramite was applied. The control trees re- 
ceiving fungicide only in 1952 consisted of 
randomized plots distributed the same as 
other sprays. In 1953 the single unsprayed 
check plot was located at one end of the 
orchard and probably accounts in part for 
the inconsistency in the tables, especially 
for woolly apple aphid and tentiform leaf 
miner. Most of the tables given refer to 
1953 results. 

Resutts.—Plum curculio— Best con- 
trol was obtained with chlorinated hydro- 
carbons which were superior to lead arse- 
nate, except for CS-708-TDE mixtures. 
The latter appeared to equal lead arse- 
nate in 1953. Concentration of CS-708 was 
probably too low to control the plum cur- 
culio (Table 1). 

Mites. (European red and two-spotted). 
—Both species developed and it became 
apparent that all chlorinated hydrocar- 
bons increased mite populations. Counts 
of mite predators showed a difference in 
the rate of destruction as follows: Lead 
arsenate—Captan was least destructive 
to lady beetles, Stethorus punctum Lec. 
Sulfur-ferbam (no insecticide) allowed 
more thrips to develop. Methoxy-TDE- 


Table 1.—Plum Curculio Percentages! (Har- 
vest) 1953. 








Methoxychlor—TDE—Manzate 1.2 
Methoxychlor—TDE—captan 1.6 
Lead arsenate—captan—Glyodin 6.8 
DDT-parathion (Black Leaf 253)— 
Phygon—ferbam 11.4 
CS-708—TDE—captan 11.9 
CS-708—TDE—ferbam 12.1 
Lead arsenate—captan 12.5 
Check—no treatment 70.9 





1 External scars, 


1 All spray materials are formulations containing active in- 
redients as follows: captan, 50%; CS-708, 25%; ferbam, 74%; 
lyodin, 34%; lead arsenate, 98%; methoxychlor, 50%; nabam, 

19%; parathion, 15%; sulfur, 95%; TDE, 50%. Phygon is 50% 
dichlone; Manzate is 70% manganous ethylenebisdithiocarba- 
mate and Black Leaf 253 contains 25% DDT and 8% parathion. 
Per cent active ingredient in 1189 unknown. 

2 The name, glyodin, was adopted by the Interdepartmental 

Committee on Pest Control after this paper was put in type. 

3 Decachloro-tetra ae comer oma ae edly also said to be an 

oxygenated dimer of hexachlorocyclopentadiene 
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Table 2.—Control of European Red Mite in re- 
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Table 4.—Apple maggot percentages. (Har- 
vest) 1953. 





lation to predators. 1952. 


MITES 


PrReEpDA- AND 
TREATMENT Tors! Eaas? 
(1) Sulfur—ferbam 8 1 
(2) Lead arsenate—captan (406) 7 1 
(3) Lead arsenate—sulfur 
ferbam 6 4 
(4) Lead arsenate—Phygon 5 2 
(5) Lead arsenate—Glyodin 4 2 
(6) 1189—sulfur—ferbam 3 2 
(7) Methoxychlor—nabam 2 3 
(8) Methoxychlor—DDD— 
sulfur—ferbam 1 3 





1 Rated in order of abundance including thrips, Stethorus 
(lady beetles) and Typhlodromus (predator mites). 

2 Mites from summer leaf counts and eggs per uniform length 
of twig in the fall, average of 20 per tree. 


sulfur-ferbam allowed more predator 
mites to survive on the leaves, but ap- 
parently destroyed species in the ground 
cover or sod. 

By rating all predators in order of 
abundance and comparing with a similar 
rating for mites (leaf counts) and eggs (fall 
twig counts), the data in table 2 were ob- 
tained. The figures are not entirely con- 
sistent, but do show a general trend to- 
wards more mites with fewer predators. 
The same trend was noted in 1953, but 
predator counts were not possible except 
for sod collections. Much smaller differ- 
ences were obtained, the reason for which 
is not evident. 

It would seem as though the predator 
complex as a whole has more effect in 
Connecticut than any one species taken 
alone. There was a strong indication in 
both 1952 and 1953 that Glyodin has a 
depressing effect on European red mite 
populations. A similar trend was noted in 
1952 for nabam. 

Examination of the bark from tree 
trunks during the fall and winter indi- 
cated the presence of clover and two- 
spotted spider mites on some trees. The 


Table 3.—Codling moth percentages (Harvest) 
1953. 





Dilan—TDE—ferbam 1.3 





DDT-parathion (Black Leaf 253)— 
Phygon—ferbam 2.4 
Methoxychlor—TDE—captan 2.8 
Methoxychlor—TDE—M anzate 3.0 
Dilan—TDE—captan $.1 
Lead arsenate—captan 4.7 
Lead arsenate—captan—Glyodin 5.6 
Check—no treatment 42.3 








Methoxychlor—TDE—Manzate 2.0 
Methoxychlor—TDE—captan $.1 
CS-708—TD E—ferbam 3.4 
DDT-parathion (Black Leaf-253)— 
Phygon—ferbam 4.9 
Lead arsenate—captan—Glyodin 7.5 
Lead arsenate—captan 16.7 
CS-708—TDE—captan 17.4 
Check—no treatment near 100.0 





greutest increases of two-spotted spider 
mites were in all non-arsenical treatments 
and were of the order of a 25-fold increase 
over arsenicals. Examination of sod under 
the trees showed fewer predator species 
for the non-arsenicals which may account 
in part for the greater numbers on the 
bark of the lower trunks. 

Codling moth.— Damage was about equal 
in all tests except where lead arsenate- 
Glyodin was used. However, the chlor- 
inated hydrocarbons did only slightly 
better in 1952 than lead arsenate in com- 
bination with Captan or Phygon. Results 
in 1953 were very similar, again with a 
slight advantage for the chlorinated hy- 
drocarbons (Table 3). 

Apple maggot.—Control was about the 
same with all combinations, both in Me- 
Intosh and Baldwin. Figures for 1953 
showed distinctly better control with 
chlorinated hydrocarbons, especially meth- 
oxychlor—TDE combinations (Table 4). 

Apple scab.—Seab percentages group 
themselves definitely around the fungi- 
cides. In 1953 Phygon—ferbam did the 
best job, with captan next, and the dithio- 
carbamates last. The insecticide used had 
little effect (Table 5). 

Apple aphid was best controlled with 
the chlorinated hydrocarbons in 1952. In 
1953 there was little difference between 
lead arsenate and methoxychlor—TDE, 
but some improvement with CS-708 
TDE and great improvement with DDT 

parathion (Black Leaf-253). 


Table 5.—Scab percentages—MclIntosh (Har- 
vest). 1953. 








Phygon—ferbam—DDT—parathion 8 





Captan—Glyodin—lead arsenate 1.6 
Captan—CS-708—TDE 3.6 
Captan—methoxychlor—TDE 3.9 
Captan—lead arsenate 4.0 
Ferbam—methoxychlor—TDE 7.4 
Manzate—methoxychlor—TDE 7.8 
Check—no spray 28.0 





























October 1954 


Rosy apple aphid.—Centers of infesta- 
‘ion were fewer in 1952 for chlorinated hy- 
Jrocarbons, and again in 1953. The fewest 
-olonies per tree were noted in 1953 with 
|) DT—parathion (Black Leaf-253) (Table 
0). 

Woolly apple aphid.—Increased enor- 
:nously in 1952 on all chlorinated-hydro- 
carbon treatments. The reason appears to 
be due (from reared specimens) to reduc- 
(ion in abundance of the common para- 
site, Aphelinus mali. 

European apple sawfly.—Appeared to 
be controlled best with the chlorinated hy- 
drocarbons in both 1952 and 1953. The 
combination of DDT—parathion used in 
1953 provided the greatest reduction, but 
was only slightly better than the chlor- 
inated hydrocarbons (Table 7). 

Leafhoppers.—Both the white apple 
leafhopper, 7'yphlocyba pomaria McA., and 
the Japanese leafhopper, Orientus ishidae 
(Mats.), were distinctly better controlled 
with chlorinated hydrocarbons or DDT— 
parathion, both in 1952 and 1953. 

Tentiform leafminers.—Fewer miners 
were observed in 1952 where chlorinated 
hydrocarbons were used, but the differ- 
ence was much greater in 1953. Control of 
this insect was no better in 1953 with 
DDT—parathion. 

Fruit finish was outstanding in 1952 with 
lead arsenate—captan and was repeated 
in 1953. Combination of chlorinated hy- 
drocarbons with captan did not seem to 
increase russet figures. 

Scald variously termed sun scald or sul- 
fur scald showed increases in our 1952 
experiments wherever sulfur was used. 
There was no sulfur in the 1953 combina- 
tions. 

Total clean fruit in both years seemed to 
favor such combinations as methoxychlor 

~TDE—captan, though in 1953 (Table 


Table 6.—Rosy Aphis colonies per tree. 1953. 











(JUNE 2 
BALDWIN AND GRAVENSTEIN Count) 
DDT—parathion (Black Leaf-253)— 

Phygon—ferbam ‘ 

Methoxychlor—TDE—M anzate 4.0 
Lead arsenate—Glyodin—captan 10.0 
Methoxychlor—TDE—captan 13.0 
CS-708—TDE—captan 14.0 
CS-708—TDE—ferbam 21.0 
Lead arsenate—captan 61.0 
Check—no treatment 3.0 
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Table 7.—European Apple Sawfly. 1953. Per- 
centages based on drop counts. 








DDT—parathion (Black Leaf-253)— 
Phygon—ferbam 

Methoxychlor—TDE—Manzate 

Methoxychlor—TDE—captan 

CS-708—TDE—captan 

CS-708—TDE—ferbam 

Lead arsenate—captan—Glyodin 

Lead arsenate—captan 

Check—no treatment 
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8) the highest score in pest control went 
to DDT—parathion—Phygon—ferbam. 
Chemical analyses——The most out- 
standing chemical results in 1952 and 1953 
concern the sugar increase from Glyodin. 
This is also reflected in flavor preferences. 
Acids are reduced slightly by lead arse- 
nate-sulfur combinations, but appear to 
hold up well with lead arsenate—Captan 
or lead arsenate—captan—Glyodin. They 
were also reduced by Phygon in 1952. 
There is little doubt that acid content 
affects flavor preferences. Decreases in 
minerals from applications of lead arse- 
nate were apparent in 1952 as well as in 
previous years, but did not show up as 
strongly in 1953—possibly because of dif- 
ferent spray formulae—partly because of 
late drouth. Boron, potassium, phosphorus 
and magnesium were the main elements 
affected. There appeared to be no correla- 
tion between reduced minerals and flavor. 
Flavor analysis ——One of the most sig- 
nificant features of taste panel work ap- 
pears to be the ease with which tasters are 
able to detect fruit from injured trees. 
This has been one of the more consistent 


Table 8.—Score of all insects, mites, and scab 
rated in order from lowest to highest (1-7). 1953. 








OrDER oF PREF- 
ERENCE FOR 
FresHLy Mave 





TREATMENT SAUCE 
DDT—parathion (Black Leaf-253) 
—Phygon—ferbam! 27? 53 

Methoxychlor—TDE—captan 33 4 
Methoxychlor—TDE—M anzate 40 4 
CS-708—TDE—ferbam 52 3 
CS-708—TDE—captan 59 2 
Lead arsenate—captan—Glyodin 60 1 
Lead arsenate—captan 63 2 





1 Some leaf injury noted. 

2 Lowest score is the best. 

8 Sauce made in a uniform manner from pressure tested ap- 

les, weighed and cooked the same Jength of time in each case. 
seats in an odor-free room and served to the tasters in their 


own offices. 








heres, 


Table 9.—‘“‘Off” flavors. 
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PERCENT- 
NUMBER AGE 
OF REPORTED 
TREATMENT TrEsts “Orr”! 
Lead arsenate—captan 
Glyodin 130 1.5 
Lead arsenate—captan 255 2.7 
CS-708—TDE—ferbam 159 4.4 
Methoxychlor—TDE 
captan 177 7.3 
CS-708—TDE—captan 216 7.9 
Methoxychlor—TDE— 
Manzate 167 9.0 
Parathion—DDT—Phygon 
early, ferbam late 134 15.7 





1 Up to 5 per cent considered as meaning very little. Above 
5 per cent suspicious. “Off” may be defined as metallic, fer- 
mented, tinny, musty, oily, chemical, bitter, medicinal or flat 
tasting. 


phases of this work. Injuries to bark and 
leaves are both reflected. 

In 1952 with rather limited tasting 
there was a general preference for lead 
arsenate plus Glyodin over lead arsenate- 
sulfur-ferbam; a very slight and probably 
not significant preference for lead arsenate 

-Glyodin over methoxychlor—TDE-sul- 
fur and ferbam. These preferences seemed 
to group themsevles around the fungi- 
cides. For example, combinations with 
Phygon were lower in preference to sulfur- 
ferbam and sulfur-ferbam in turn was 
lower than Glyodin. Captan appeared al- 
most but not quite equal to Glyodin and 
this fact in connection with captan’s good 
scab control properties led to our 1953 
combination with ‘aptan—Glyodin. 
Where the fugicides were the same as in 
the case of lead arsenate—ferbam—sulfur 
and methoxychlor—~TDE—sulfur—fer- 
bam the preference was for the methoxy- 
chlor combination. This did not, however, 
hold true for 1953 combinations of lead 
arsenate—captan and CS-708—TDE 
‘aptan which were approximately equal. 
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None of the off-flavors in 1952 were high 
enough to be significant probably because 
of more rainfall during late season than 
occurred in 1953. 

In 1953 McIntosh apples sprayed with 
lead ~~ aarsenate—Glyodin—captan, were 
preferred over all other combinations 
(Table 8). Data on off-flavors are given in 
table 9. 

The rather disconcerting feature of the 
1953 taste panel’s evaluations, however, 
concerns the reversal of the order of prefer- 
ence over that of pest control. Just what 
the reasons for this is, is not entirely clear, 
but it is suspected that some combination 
of sprays injured the leaves in the non- 
arsenical sprayed plots since the leaves 
turned yellow much earlier in the fall than 
with either lead arsenate—captan or lead 
arsenate—captan—Glyodin. This was also 
true, but much earlier for the DDT—para- 
thion—Phygon treatment. It thus appears 
that whenever a spray is misapplied so 
that injury results—the effect becomes 
evident in impaired quality of fruit. We 
believe these effects in general have been 
ignored too long in our search for the per- 
fect spray combination. 

Efforts to correct for some of the defi- 
ciencies produced by sprays have been only 
partly successful. Various fertilizer sprays 
applied to the leaves have been successful 
in some years, though in our 1952 experi- 
ments we were not able to overcome the 
effects of late sprays. 

SumMaAry.—Cleaner McIntosh apples 
were produced with new spray combina- 
tions, but we are becoming more and more 
aware of the effects of late sprays, or 
sprays that injure foliage, on the quality 
produced. It would seem to be almost self- 
evident that studies of quality should ac- 
company experiments designed to produce 
more fruit, either by adequate pest control 

or fertilization. 
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Phytotoxicity of Insecticides in Mist 
Concentrate T'ype Formulations! 


Dan F. CLlower and Joun G. Martruysse, Cornell University, Ithaca, N.Y. 


The use of mist blowers for controlling 
insects on shade trees has in general been 
very successful. However, the danger of 
phytotoxicity by the formulation some- 
(imes poses a problem. At the 1951 Na- 
tional Shade Tree Conference, some of the 
factors affecting the injury caused by mist 
blower DDT formulations to American 
elm and sugar maple were reported (Mat- 
thysse & Clower 1951). The main perti- 
nent conclusions were: 

(1) Kerosene was a fairly safe carrier 
oil, but others, such as Socony-Vacuum 
Oil Co. Sovaspray 100, were safer. 

(2) Xylene and xylene-type aromatics 
were among the least injurious solvents. 
Less volatile aromatic hydrocarbons in- 
cluding the methylated naphathalenes 
were more plant injurious. 

(3) Trees varied in their susceptibility 
to injury by these formulations according 
to their stage of development. They were 
most susceptible from the time the leaves 
opened, to full expansion. 

(4) Applications just before dark gave 
less injury than applications during full 
daylight. 

(5) Leaves are more susceptible to in- 
jury by application to the underside than 
to the topside. 

(6) Each ingredient, including the in- 
secticide, affects the plant toxicity of the 
formulation. 

In 1953, an attempt was made to deter- 
inine the relative toxicity of insecticides 
and acaricides to various species of woody 
ornamental plants. 

Metuops.—All solutions were for- 
mulated with the relatively non-phytotoxic 
Sovaspray 100 as the carrier and commer- 
cial xylene as the co-solvent. The use of 
Sovaspray 100 as carrier oil resulted in 
solution formulations no more phytotoxic 
than water emulsions containing the same 
amount of toxicant and solvent. The con- 
centrates for the acaricide solutions were 
prepared in the laboratory by dissolving 
15 per cent by weight of technical acari- 
cide in commercial grade xylene. The acar- 
icide concentrates designed for use as 

emulsions included 3 per cent by weight 
of Triton X-100.2 The check emulsion con- 
centrate contained 3 per cent Triton X- 
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100 in xylene but no acaricide. These con- 
centrates were diluted 1 part to 4 parts of 
carrier to give 3 per cent toxicant in the 
formulation as applied to the plants. In 
the case of Ovotran*® commercial emulsifi- 
able concentrates were included in the ex- 
periments, and these also were emulsified 
in water to 3 per cent Ovotran. 

The insecticide solutions were prepared 
in a similar manner by dissolving suffi- 
cient technical insecticide in commercial 
grade xylene to give 25 per cent by weight. 
The concentrate was diluted 1 part to 4 
parts of Sovaspray 100 by volume to give 
approximately 5 per cent toxicant. A so- 
lution consisting of 1 part xylene and 4 
parts Sovaspray 100 was applied to all 
plant species as a check. Slight re-crystal- 
lization occurred in the lindane concen- 
trate so that the final solution contained 
slightly less than 5 per cent toxicant. 

Since light intensity affects phytotox- 
icity, all applications were made under as 
similar light conditions as possible in field 
work. Treatments were applied during 
July and August under conditions of simi- 
lar plant development. The formulations 
were applied to the point of drip-off on 
both surfaces of the leaves to produce the 
maximum degree of injury. 

The machine used for the applications 
consisted of a paint sprayer, 50 feet of 
hose, air compressor and gasoline engine. 
The sprayer was rinsed with xylene be- 
tween applications of each of the solution 
formulations and water between each of 
the emulsion formulations. The sprayer 
was held about 1 foot from the branch and 
in such a way that the drift was directed 
away from the remainder of the tree. 

The results reported in the tables do not 
indicate the degree of injury that might 
be expected by proper commercial appli- 
rations. They are believed, however, to 
represent the relative phytotoxicity of the 
toxicants, hence would indicate where 
there is possible danger from overdosing. 
Each numerical value listed in the tables 
represents the average of at least four 

1 Presented at the meeting of the Eastern Branch of the 
Entomological Society of America held at Philadelphia, Pa., 
November 16-17, 1953. 


2 An alkyl aryl polyether alcohol emulsifier. 
3 P-chloropheny! p-chlorobenzene sulfonate. 
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Table 1.—Phytotoxicity' series—three per cent toxicant solution, 1953. 








XYLENE 
Sova- 
CuLoro- ComPpounp SPRAY 











OvoTrRAN ARAMITE DMC BENZILATE 923 100 AVERAGE 

Ulmus americana 1.4 1.3 9.0 7.6 — 0.0 3.8 
Acer saccharum 6.3 6.7 9.0 9.3 - By 6.7 
Quercus borealis 1.0 1.5 8.3 0.9 0.6 0.0 2.1 
Magnolia glauca 0.0 0.4 3.0 1.5 0.1 0.1 0.8 
Viburnum lantana 4.5 8.0 9.3 1.5 3.9 0.3 5.4 
Crateagus phaeno- 

pyrum 4.3 6.8 8.8 3.5 0.8 0.1 4.8 
Malus sp? 2.9 8.3 9.0 0.9 8.5 0.0 §.9 
Tilia cordata 6.0 8.5 9.0 7.5 8.0 0.0 7.8 
Syringa sp? 4.0 9.5 10.0 1.0 6.9 0.0 6.3 
Alnus glutinosa 2.8 3.5 8.0 8.3 2.3 0.1 4.9 
Pinus strobus 0.1 0.0 0.4 0.3 0.0 0.0 0.2 
Cercis canadensis 1.9 7.0 9.3 0.8 3.8 0.4 4.6 
Salix sp? 6.0 8.0 9.0 7.0 3.0 0.0 6.6 

Average 4.2 5.9 8.2 4.2 4.1 0.2 





1 Index: 0—none, 1—slight, 4—moderate, 8—severe, 10—kill. 


2 Species indeterminate according to botanist. Malus one of the flowering crabs, Salix one of the weeping willows. 


replications of the toxicant for each plant 
species. 

An index system was employed to facili- 
tate taking the data. Visual observations 
were made at intervals following the ap- 
plications and the estimated degree of in- 
jury was recorded as one of the following 
‘ategories: none, slight, moderate, severe, 
or kill. An auxillary plus or minus some- 
times was used with the “‘slight,” “‘mod- 
erate,” or “‘severe”’ to denote intermediate 
evaluations. A scale of 0 to 10 was used to 
assign numerical values to.each category 
to facilitate the determination of an aver- 


age injury for each treatment. 

Resvutts.—Tables 1 to 4 list the numer- 
ical average injury evaluations for all 
replicates of a given formulation on an in- 
dividual tree species. The last lines of 
these tables give the average injury for 
each toxicant on all species included in the 
experiment. The last columns indicate 
the average susceptibility of each species 
of plant to all toxicants applied. All plant 
species listed are according to L. H. Bail- 
ey, Hortus Second (1947), identified by 
John F. Cornman, Floriculture Depart- 
ment, Cornell University. 


Table 2.—Phytotoxicity' series—three per cent toxicant solution, 1953. 








OvoTRAN ARAMITE 
Oxydendron arboreum $.5 — 
Cornus amomum 2.5 —— 
Deutzia scabra 9.5 = 
Acer saccharum 6.3 $.7 


Ligustrum obtusifolium 
regelanium 1 

Lonveera sp. 8 

Sorbaria sorbifolia 5 

Euonymus bungeanus 0.8 0.0 

Aesculus parviflora l 

Viburnum dilatatum 8 


Hydrangea sp. 2.0 5.0 
Cotinus coggygria 6.0 — 
Cladrastis lutea 2.5 4.0 
Syringa® 6.0 2.5 

Average 4.2 5.9 








XYLENE- 
SovASPRAY 
MALATHION 100 AVERAGE 

5.0 0.0 4.3 
5.0 0.0 3.8 
7.6 . 8.5 
5.8 6.9 
8.3 0.2 3.9 
9.0 0.% 9.2 
10.0 0.5 7.8 
7.0 0.0 2.6 
6.5 0.0 3.3 
6.5 0.8 7.3 
8.0 0.0 5.0 
1.5 0.0 6.8 
6.5 0.0 4.3 
9.8 0.1 6.1 
ee 0.2 





1 Index: 0—none, 1—slight, 4—moderate, 8—severe, 10—kill. 


2 Of the 4 Syringa replications, 2 were S. Japonica and 2 8. villosa. 
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Table 3.—Phytotoxicity' series—three per cent toxicant emulsion, 1953. 











CHECK MaAta- Pro- 
EMULSION ARAMITE THION OvotTraN C-1100  priETARY AVERAGE 
{cer saccharum 5.7 8.0 -~ 8.0 5.8 10.0 8.0 
Ligustrum obtustfolium 

regelanium 1.2 3.8 ~ a 2.0 9.8 ‘2 
Syringa sp. 3.5 5.8 — $.$ 3.0 8.3 5.1 
/Tydrangea sp. 0.5 5.0 _ 0.8 3.0 6.5 3.8 
Lonicera sp. 3.5 5.8 — 4.8 4.0 9.0 5.9 
(Cornus amomum 2.0 _ 9.5 5.0 2.5 10.0 6.8 
(Cotinus coggygria 3.0 4.5 5.0 5.0 9.5 6.0 
Viburnum dilatatum 1.3 - 6.0 7.0 6.0 10.0 7.3 
Cladrastis lutea 8.0 7.5 -- 9.5 6.5 10.0 8.4 
Sorbaria sorbifolia 7.0 75 6.5 2.0 9.0 6.3 
Euonymus bungeanus 0.3 2.0 0.5 0.5 8.0 2.8 
Aesculus parviflora 3.0 9.0 §.5 2.0 8.5 6.3 

Average 2.9 6.0 5.9 4.8 3.9 8.9 





1 Index: 0—none, 1—slight, 4—moderate, 8—severe, 10—kill. 


The results of application of 3 per cent 
toxicant solutions are given in tables 1 
and 2. DMC and malathion gave the most 
injury; Ovotran, Chlorobenzilatet and com- 
pound 923 the least; and Aramite was in- 
termediate. 

In table 1, species of Acer, Viburnum, 
Malus, Tilia, Syringa, and Salix were 
most susceptible, Magnolia and Pinus the 
least, while Ulmus, Quercus, Crataegus, 
Alnus, and Cercis were intermediate. 

Table 2 gives results of experiments in 
which 3 per cent Ovotran, Aramite and 
malathion solutions were tested on addi- 
tional plant species. In general, the Ara- 
mite and Ovotran results were the same as 
those given in table 1 but the malathion 


consistently gave a high injury rating on 
all plant species and a higher average in- 
jury than either Aramite or Ovotran. Al- 
though the average injury from Ovofran is 
in the lowest group, when applied to a sus- 
ceptible species like maple, fairly severe 
injury resulted. 

The xylene and Sovaspray 100 treat- 
ments were included to show the portion 
of the formulation injury contributed by 
the carrier and solvent oils for each spe- 
cies. This injury was none or negligible in 
all cases. 

There was considerable difference in de- 
gree of injury exhibited by a given toxi- 
cant among various species of plants. Also, 


42. hydroxy-2,2 bis(4,chlorophenyl) ethyl acetate. 





Table 4.—Phytotoxicity' series—five per cent toxicant solution, 1953. 
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Ulmus americana 1.9 1.4 1.9 1.9 
Acer saccharum if Ce Be’ I 
Crataegus cordata 6S 7.8 6.9 '€6 
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Saliz sp. S.0 °O:0 “ha” Fay 
Quercus palustris $56 6.9 8.6 8. 
Carya ovata 14 6.86 CS’ eS 
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Average 5.7 3.2 8, 4.9 


S 

Pe <>) fe) Z 
= © 2 = z 5 = 
S a e Q = 5 Ss = 
a Q a g Z. < s 
a a = O = ph = = 
1.2 0.4 2.4 5.5 7.5 8.4 8.8 3.7 
re Ree’ Ser Bee 4.5 Me) eg 
7.5 8 0 3.8 6.5 8.8 8.8 8.5 6.5 
6 ¢6.¢6:.. 64 O08 @28:-.6.0 2.5 0.4 
1:&:. 4.8 4.3 5.8 6.8 (a. 7.0 $.8 
1.1 0.5 6.3 6.5 8.0 8.8 6.0 +.9 
je 0.5 §.8 2.8 §.3 70 9.3 3.8 
0.4 0.5 O.8 ne (SE. S160 - 9.9 
1.0 0.4 4.8 2.1 $0 82 16.0 $3.3 
6 1.4 $.5 £5 5.1 T.0 bik 





1 Index: 0—none, 1—slight, 4—moderate, 8—severe, 10—kill. 
2 Species indeterminate according to botanist. 
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two toxicants sometimes gave opposite 
affects on two different plants. For ex- 
ample, Ovotran was more severe on Cratae- 
gus than on Malus but Aramite was op- 
posite, being more severe on Malus. In 
other cases Chlorobenzilate was more se- 
vere on Crataegus and Alnus than on Vi- 
burnum and Syringa but compound 923 
gave more severe injury on the Viburnum 
and Syringa. It is evidently impossible to 
predict how phytotoxic an insecticide will 
be to a new plant species from tests on 
other species. 

Table 3 gives the results of a 3 per cent 
toxicant emulsion application on 12 spe- 
cies of plants. The check emulsion con- 
tained xylene, Triton X-100 and water, 
but no toxicant. This check emulsion gave 
severe injury on some species, while on 
others the injury was negligible. The Ara- 
mite and Ovotran contained xylene and 
Triton X-100. The C-1100 and Proprie- 
tary were commercial formulations of Ovo- 
tran. Of all the species listed, the Euony- 
mus was the least susceptible to injury by 
the formulations. Acer, Cladrastis, and 
Viburnum were severely injured by the 
emulsion formulations. The Proprietary 
was the most phytotoxic of all toxicant 
formulations, while Ovotran in xylene and 
the C-1100 were the least phytotoxic. 
Malathion and Aramite were approxi- 
mately equal in phytotoxicity, being in- 
termediate between the Proprietary and 
the other Ovotran formulations. In gen- 
eral, emulsions are considered safer than 
oil solutions, but by the use of Sovaspray 
100 as the carrier, the solutions gave no 
more injury than emulsions containing 
the some quantity of toxicant. 

Table 4 gives the results obtained by 
application of solutions of 5 per cent in- 
secticides to four species of plants. Mala- 
thion, lindane, heptachlor, and chlordane 
were the most phytotoxic compounds. 
Toxaphene, endrin, and methoxychlor 
were intermediate, and isodrin, aldrin, 
dieldrin, and DDT were the least phyto- 
toxic. Crataegus was the most and Pinus 
the least susceptible plant species of this 
group, with the remaining species being 
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intermediate. In general, Acer was less 
susceptible to the insecticides than it was 
to the acaricides in the tests previously 
discussed. Isodrin gave severe injury to 
Crataegus even though the average injury 
for isodrin was the lowest of any of the 
toxicants. Malathion was the only toxi- 
cant in this test which gave appreciable 
injury to white pine. 

SUMMARY AND CoNcCLUSIONS.—Several 
types of mist blower formulations were 
tested for phytotoxicity on a number of 
woody ornamental plants. Overdose ap- 
plications were made with 3 per cent acar- 
icide solutions, 3 per cent acaricide emul- 
sions and 5 per cent insecticide solutions. 

The insecticides giving the most injury 
were malathion, lindane, heptachlor, and 
chlordane. DMC was the most phyto- 
toxic acaricide. 

The insecticides giving the least injury 
were isodrin, aldrin, dieldrin, and DDT. 
Ovotran, Chlorobenzilate and compound 923 
were the least phytotoxic acaricides. 

The phytotoxicity of an insecticide or 
acaricide varies with plant species. Toxi- 
‘ants relatively safe on many species will 
sometimes give severe injury on a suscep- 
tible species. 

Oil solutions using Sovaspray 100 as the 
‘arrier gave equal or less injury than emul- 
sions containing the same quantity of tox- 
icant and solvent. 

Species of Acer, Tilia, Syringa, Saltz, 
Deutzia, Lonicera, Sorbaria, Viburnum, 
Cotinus, Cornus, Aesculus, and Cladrastis 
were very susceptible to injury by the 
acaricide formulations. A species of Crat- 
aegus was very susceptible to injury by 
the insecticide formulations. 

The plants that were least susceptible 
to injury by the acaricides included spe- 
cies of the genera Quercus, Magnolia, 
Pinus and Euonymus. This does not imply 
that species, other than those included in 
the tests, within these genera are equally 
susceptible to injury. 

The necessity for caution is indicated 
especially in the use of the most phyto- 
toxic compounds and in the treatment of 
the most susceptible species of plants. 
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Insecticide Deposits for Control of Elm Bark Beetles! 


Joun G. Martuysse, Howarp C. Minter,” and Huan E. Tuompson,? 
Cornell University, Ithaca, N.Y. 


Control of Dutch elm disease, caused 
by Ceratostomella ulmi (Schwarz) Buis., 
is based on prevention of breeding of or 
feeding by the principal vectors, Scolytus 
multistriatus (Marsh.) and Hylurgopinus 
rufipes (Eichh). To date the program in 
New York State has consisted of destruc- 
tion of all pertinent elm bark beetle breed- 
ing material (Rankin 1949). Investiga- 
tions were initiated in 1948 to determine 
the place of insecticide treatments in the 
New York program. It had been shown 
as early as 1945 that heavy deposits of 
DDT would remain toxic to elm Scoly- 
tids for several months (Whitten 1945, 
1949, Anon, 1949, Stewart 1949). Results 
of investigations through 1951 only are pre- 
sented, as the senior author has been on 
leave of absence. 

The theoretical basis for planning these 
experiments was the period of high sus- 
ceptibility of elms as determined by 
Parker, et al. (1941) and others. This pe- 
riod begins towards the end of the dor- 
mant season, and ends in early summer. 
Adults of one or both vectors are present 
throughout this period. Therefore, in- 
secticide treatments were applied to 
American elm, Ulmus americana L., in 
late April before leaf bud break, and de- 
posits assayed chemically and _ biological- 
lv at intervals through the season. No 
summer applications were made. Treat- 
ments were considered promising if res- 
idues in early July were sufficient to give 
high bark beetle mortalities. 

Following treatment, samples of elm 
branches were cut by means of pole 
pruners at intervals through the season. 
The branches were cut in the field imto 
sections to fit into quart canning jars and 
transported to the laboratory. For chem- 
ical assay, the twigs were stripped with 
benzene in the collection jars. For biolog- 
ical tests, the twigs were transferred to 
wide-mouthed 1-gallon jars, then insec- 
tary-reared bark beetles introduced, and 
the jars maintained at constant condi- 
tions of 74° F. and 60 per cent relative 
humidity. Mortality observations were 
made at intervals up to 72 hours, then the 
bark stripped from the twigs to observe 
bark beetle feeding tunnels and xvlem 


scoring. 
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Chemical analysis and Hylurgopinus 
rufipes assays were conducted on twigs 
averaging 0.5 inch in diameter, whereas 
Solytus multistriatus assays were con- 
ducted on small twigs including twig 
crotches. The bark beetle assay was not 
highly satisfactory, particularly with H. 
rufipes. Accurate mortality observations 
were difficult as beetles within the bark 
could be counted only at the 72-hour 
termination of each test. Check mortal- 
ities by 72 hours were often considerable. 
The final criterion of effectiveness should 
be prevention of scores, that is feeding 
marks sufficiently deep to mark the xylem 
surface. Check scoring varied widely as 
the tendency of bark beetles to feed 
deeply or attempt breeding varies greatly 
through the season. 

Two tests were planned so that results 
could be obtained in terms of Dutch elm 
disease incidence among large American 
elm shade trees. In one plot Scolytus multi- 
striatus was the main vector; in the other 
only Hylurgopinus rufipes was present. 
The S. multistriatus plot was very limited 
in extent, consisting of elms on the 
grounds of a private school. The total 
number of elms available was too limited 
for conclusive evidence on disease preven- 
tion. The H. rufipes plot included all elms 
in the main section of the town of War- 
rensburg, N. Y. The original selection of 
areas for treatment and check attempted 
to equalize bark beetle infestations, and as 
the total number of trees in Warrensburg 
was considerable, the data are considered 
to be good evidence of disease prevention 
by the insecticide applications. 

Finally, six of the newer insecticides 
were compared with DDT in the labo- 
ratory by dipping twigs in emulsions and 
subjecting them to bark beetle attack 
after various periods of outdoor weather- 
ing. 

PRELIMINARY EXPERIMENTS, 1948.— 
Preliminary experiments in 1948 were 
conducted on fence row elms less than 35 
feet tall. Residual effectiveness of DDT- 

1 Presented at the 63rd Annual Meeting of the American 
Association of Economie Entomologists, held at Cincinnati, 
Ohio, December 10-13, 1951. 
2 Now at the College of Forestry, State University of New 
York, Syracuse, N. Y 


> Now with the Pennsylvania Department of Agriculture, 
Harrisburg, Pennsylvania. 
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Table 1.—DDT spraying of 30-foot American 
elms, 1948. 


Chemical Assay 








MIcROGRAMS DDT PER Se. CM. or Bark 





W ee aha wer eathe re od | 0 8 5 1 + 50 
0.5% Emulsion | 41 18 16 14 2 
2.0% Emulsion 125 72 58 44 ll 
0.5 & Suspension 17 1 1 0 0 
2.0% ‘Suspension } 64 4 7 3 0 


Biological Assay! 


Per Cent 


Morta.ity Scores PER Jar 


| 
| 
| 
| 
| 
| 





Wee ks weathered | 19 27 50 9 19 ir, 50 


a] 
0.5% Emulsion | 51 36 6 —/ 0 $.0 1.50383 — 
2.0% Emulsion | 82 82 56] 0 0 0.3 0.2 0.3 
0.5% Suspension | 30 13 —| 2.0 3.5 1.0 0 — 
2.0% Suspension —- $$ — — @ — 0.5 - 
{ © 2 @@11.8 8.3 7.7 ¢.6 &. 3 


Untreatec 2 
| Part 


1 Hylurgopinus rufipes was used for 19-, 27-, and 50-week ike 
whereas Scolytus multistriatus was used for 5- and 9-week data. 
xylene-Triton X100 emulsions and com- 
mercial wettable powders were compared 
by prefoliar spraying with 2 and 0.5 per 
cent DDT. A Bean 6-gallon per minute, 
350 p.s.i. power sprayer, and single nozzle 
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spray gun was used. Spraying was heavy 
but not beyond the point of slight run-off. 
Table 1 presents results of these prelimi- 
nary experiments. Suspension deposits 
weathered within 3 weeks to negligible 
amounts of DDT, less than 4 micrograms 
DDT per square centimeter of bark. Bark 
beetle tests also indicated suspension de- 
posits to be ineffective. Deposits from 0.5 
per cent DDT emulsion weathered to an 
average of 14 mic rograms DDT per square 
centimeter of bark in 19 weeks, whereas 2 
per cent DDT emulsion deposits averaged 
44 micrograms DDT per square centi- 
meter at 19 weeks. Bark beetle tests indi- 
cated deposits from 2 per cent DDT emul- 
sion were effective for over 27 weeks, 
whereas deposits from 0.5 per cent DD’ 
were ineffective in less than 19 weeks. 
Probably emulsion deposits are superior 
to suspension deposits because of pene- 
tration into the bark, and greater tenacity 
against the washing effect of rains. In the 


’ 


Table 2.—Effect of DDT emulsion treatments of large American wee She 1949. 























Tae WEATHERED 2 Days 10-13 We EEKS 18 Wi EEKS 
‘Tre e Height Sampled Low “High Low eos Low High 
A. 13.7% DDT Mist 
ug. per sq. cm. bark 91 67 154 15 35 13 
Hylurgopinus % mortality 100 93 87 18 
Hylurgopinus scores per jar 0 0 0.3 5.0 
Scolytus % mortality — - 33 37 68 
Scolytus scores per jar — - 5.3 6.2 1.0 
B. 13.7% DDT Mist plus 13% | 
Shell Hort. Oil. 
ug. per sq. em. bark 150 98 29 33 36 
Hylurgopinus % mortality 100 100 59 45 
Hylurgopinus scores per jar 0 0 0.0 1.0 - 
Scolytus % mortality 100 78 95 
Scolytus scores per jar _ 5.0 0.0 1.0 
C. 2% DDT Spray 
ug. per sq. em. bark 78 50 O4 5 $7 1 
Hylurgopinus % mortality 90 85 100 1) 
Hylurgopinus scores per jar 0 0 0.0 2.0 
Scolytus % mortality Ki) 3 
Scolytus scores per jar - 0.0 12.5 
D. 1% DDT Spray 
ug. per sq. cm. bark 65 45 18 3 12 1 
Hylurgopinus % mortality - 88 18 
Hylurgopinus scores per jar — 0.0 4.0 ~ 
Scolytus % mortality ——e — — 20 20 
Scolytus scores per jar — - 2.0 6.0 
E. Untreated 
Hylvrgopinus % mortality — 3 25 
Hylurgopinvs scores per jar 5 5.5 
Scolytus % mortality — - 0 8 
7.0) 7.5 


Scolytus scores per jar 
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ght of the preliminary experiments, and 
‘heir agreement with results reported by 
\Vhitten and others, wettable powders 

ere eliminated from further considera- 
tion. 

1949 Expertments.—During 1949 
-omparisons were made of applications to 
all shade tree elms by means of hydraulic 
sprayer and mist blower. Emulsions only 
were used, since suspensions had proven 
inferior. The mists were applied by an L80 
Lawrence Aero Mist Blower in Warrens- 
burg, N. Y., being the first annual applica- 
tion to these trees for a long term disease 
incidence plot. The sprays were applied to 
tall elms in nearby Lake George, N. Y., 
by a 50-gallon per minute pump at 600 
pounds pressure through a tree type gun. 
DDT 27.5 per cent-xylene-Triton X100 
emulsifiable concentrate was diluted with 
water to 13.7 per cent DDT for mist blow- 
ing and to 2 per cent DDT for spraying. 
Shell Horticultural Oil #7 was included at 
13 per cent in some of the mist applica- 
tions. Gallonage per tree depended on tree 
height and spread so that no exact average 
can be given, but approximately 23 gal- 
lons was mist blown on each large elm. 

Table 2 presents the data obtained. The 
deposit analyses were grouped according 
to the height from which samples were 
taken; that is, the lower portion of the 
tree (up to 50 feet high) and the tops 
(from 50 to over 70 feet high). The lower 
branches were heavily and variably over- 
dosed in all cases, as is to be expected in 
mist concentrate applications endeavoring 
to obtain tree top coverage. Above 50 feet 
high the deposits from both spray and 
mist were adequate initially, but weath- 
ered to inadequate levels within 10 weeks. 
The addition of oil appeared to increase 
deposits in the tops, but sampling varia- 
tion was too great for significance. Wind- 
less conditions could not be obtained for 
the hydraulic spray treatments, which 
may explain the poor deposits above 50 
feet. Mists were applied during windless 
or very slight air movement conditions. 
Although not presented in the table, the 
data indicated that deposits were ex- 
tremely light in the tops of the taller trees, 
over 70 feet high, regardless of the for- 
mulation used. 

The bark beetle experiments indicated 
that in all cases the initial deposits were 
very effective in killing the beetles and 
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preventing scoring. After 11 weeks the de- 
posits on lower branches were still effec- 
tive. The deposits above 50 feet were in- 
adequate, and above 60 feet evidenced 
only slight toxicity to the beetles. De- 
posits ineffective within 11 weeks would 
not protect elms during the whole period 
of high disease susceptibility. In corrobo- 
ration of analysis data, tree top deposits by 
an addition of oil to the emulsion ap- 
peared to give better bark beetle protec- 
tion. 

1950 Experments.—During late 
April 1950, the same elms treated in 1949 
were again mist blown. Water emulsion 
was compared to kerosene solution at 13.7 
per cent DDT content. DDT, 27.5 per 
cent-xylene-Triton X100 concentrate was 
diluted with an equal amount of water or 
kerosene. Solutions and emulsions were 
each compared at a low gallonage per tree 
(approximately 13 gallons per large elm) 
and a high gallonage per tree (approxi- 
mately 3} gallons per large elm). These 
treatments were applied at a nozzle deliv- 
ery rate of 1 gallon per minute. Compari- 
son was made with treatments using a 
special spiral type nozzle (Bete) delivering 
3 gallons per minute at a high gallonage 
rate per tree. Samples were taken low in 
the tree, and from the tops, over 60 feet 
high. Table 3 presents these data. 

Again, the lower branches were heavily 
and variably overdosed, but evidenced less 
weathering effect than in 1949, maintain- 
ing exceedingly high residues for over 21 
weeks. Low samples taken 1 year after 
treatment, not shown in the table, still had 
over 100 micrograms DDT per square 
centimeter of bark area. 

The initial deposits in the tree tops 
from high gallonage treatments were sim- 
ilar to 1949 results. However, there was 
less weathering effect so that fairly good 
deposits were maintained up to 21 weeks 
after treatment. The weathered deposits 
from low gallonage treatments were below 
desirable levels. No advantage could be 
demonstrated for solutions over emulsions. 
It should be remembered that deposits in 
1950 included small amounts of DDT still 
remaining from treatments applied in 
1949. 

The bark beetle assays indicated that 
unweathered deposits gave good protec- 
tion, but scoring was not prevented after 
weathering 10 weeks. The inadequacy of 
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Table 3.—Effect of mist-blowing large American elms with 13.7 per cent DDT. 1950. 
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Weeks WEATHERED 0 10 15 21 
‘Tre ree Height Sampled Lew Top Low Top | Low Top | Low Top 
A. Emulsion, 1} gals. per tree | 
ug. per sq. cm. bark 199 38 138 2 | — — | 112 31 
Beetle % mortality! 83 65 65 a Be 70 | _ — 
Scores per jar! | 0 cy & ~ 0 3 | 
B. Emulsion, 3 ale per tree 
ug. per oa. cm. bark 135 89 185 59 — ~ 1 11, 3 72 
Beetle % mortality’ | 97 73 88 41 80 50 - 
Scores per jar.! 0 0 - — 0 1 
C. Solution, 1} als per tree | 
ug. per sq. cm. bark 103 34 85 21 ; — 202 17 
Beetle % mortality’ 86 54 62 66 75 58 — : 
Scores per jar! 0 oO | — _— 0 8 ~ 
D. ‘Solution, 3} gals. per tree | 
ug. per <4. em. bark 131 Siu Wa 3% 6«Ff+é~C~«= | 103 24 
Beetle % mortality! 87 63 | 70 52 67 64 - 
Scores per al 0 — | — - 0 t 
E mulsion, rapid outpet rate? | 
ug. per sq. em. bark 7 52 169 Q7 = — 158 30 
Beetle % mortality! 60 75 83 70 90 40 - 
Scores per jar! 0 0 ~ — 0 20 
F, U aioe 
Beetle % mortality! 25 25 6 
Scores per jar! 6 6 18 








1 Hylurgopinus rufipes tests at 0 and 10 weeks, Scolutus multistriatus test at 15 weeks. 
2 Three gallon per minute spiral nozzle used for E. Other plots 1 gallon per minute delivery rate. 


tree top deposits is particularly evident 
from the data on Scolytus multistriatus at 
15 weeks. No differences among _for- 
mulations were demonstrated. 

1951 EXPERIMENTS.—Experiments 
were conducted at Ithaca, N. Y., in 1951 
on previously untreated American elms 
growing on streets. Again only a single 
prefoliar treatment was applied using the 
same Lawrence L80 blower as in previous 
years. Comparison was made of kerosene 
and Shell Horticultural Oil #7 as carriers. 
An emulsion containing 6 per cent dieldrin 
was included in these experiments. The 
DDT mists were applied at high gallonage, 
3 gallons per large tree. Dieldrin was ap- 
plied at a moderately high rate (23 gallons 
per large tree) in one series of plots, and at 
alow rate (1.2 gallons per large tree) in an- 
other series. The mists were prepared from 
commerical xylene type 25 per cent DDT 
emulsifiable concentrate, and 18.6 per 
cent dieldrin emulsifiable concentrate. 

Table 4 presents results obtained by 
1951 tree-top sampling. Chemical analyses 
indicated that the less volatile horticul- 
tural oil carrier gave larger initial deposits 


in the tree tops than kerosene solution. 
However, variation was great so that the 
differences are not statistically signif- 
icant. Although no differences could be 
demonstrated by the chemical analysis of 
twigs sampled in August, the bark beetle 
assays indicated the inferiority of kero- 
sene as a carrier. Bark beetle assays indi- 
cated ineffective deposits by August with 
both formulations and with dieldrin also. 
However, dieldrin at comparatively low 
concentration and gallonage per tree, was 
equal to DDT in effectiveness against 
bark beetles, after weathering over 3 
months. 

The 1951 residues were lower than de- 
sirable even though a moderately high 
gallonage per tree was used and atmos- 
pheric conditions were excellent at time 
of application. The spring and early sum- 
mer season was unusually rainy which 
may explain the low August residues. It 
should be remembered that all sampling 
was from the tree tops, where deposits are 
at a minimum. 

During April, 1951, the Warrensburg, 
N. Y., elms were again treated by mist 
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Table 4.—Results of treating large elms by mist-blower and tree-top sampling. 1951. 








| | 
| | 


GALLONS PER 


Mist ForMULATION | TREE 


WEEKS 
WEATHERED | Mortality Scores/Jar 


| 


Hylurgopinus rufipes 





ua. DDT per 
Se. Cm. Bark 


Per Cent 





2.5% DDT in kerosene | - 
3 .f 


12.5% DDT in Shell | 
Horticultural Oil 3.0 


i | 
6% dieldrin emulsion 


58 13.3 





82 











6% dieldrin emulsion 


Untreated 


2.5 





36 16.2 





blower using approximately 3 gallons of 
12.5 per cent DDT emulsion per large 
tree. No deposit or bark beetle data were 
taken; the treatment was applied to con- 
tinue the studies on disease incidence. 

DiseaAsE IncipENcE.—Table 5  indi- 
cates disease incidence among elms in the 
Hylurgopinus rufipes vector plots. The 
DDT mist applications were those pre- 
viously discussed under chemical and bio- 
logical assay. All elms evidencing wilt 
were sampled and cultured for Cerato- 
stomella ulmi (Schwarz) Buis. In each case 
an attempt was made to determine the in- 
fection year by discoloration in the annual 
rings. 

There were 194 trees available for in- 
fection in the treated plots, compared to 
369 in the untreated plots. Only one 
sprayed tree became infected with Dutch 
elm disease during these 3 years. Twenty- 
nine trees in theunsprayed plots became in- 
fected. Weighing these totals by the 


Table 5.—Summary of incidence of disease 
among elms treated with mist blown DDT against 
Hylurgopinus rufipes. 1951. 








In PLots | In Town 
Un- 
TREATED 


Treated Check 


194 369 =< 


Total Trees 
Diseased Trees 
1951 
1950 


12 20+- 

6 | 10 
1949 1 11 | 14 
Total 1 29 44+ 
Weighted Total 1.9 29 -- 
1948 & Older | | 


) 
) 


Grand Total 





total trees available for infection results in 
an infection ratio of 1.9 sprayed to 29 un- 
sprayed trees. Outside the plot areas 
there were more than 44 diseased trees, 
indicating the heavy rate of infection in 
this small town. Bark beetle breeding 
sources noted each year indicated ap- 
proximately equal inoculum for treated 
and untreated trees. The data indicate 
that a single heavy, DDT mist application 
in April will protect against Dutch elm 
disease infection in areas where the dis- 
ease organism is carried by Hylurgopinus 
rufipes. 

The exact mode of inoculation of Dutch 
elm disease by Hylurgopinus rufipes as 
vector was not known at the time these 
studies were made. Concurrent and sub- 
sequent investigations, particularly by 
Thompson (1954)* indicate that most in- 
fections in large trees are caused by early 
May feeding of H. rufipes in thin bark of 
small branches subsequent to emergence 
from adult hibernation tunnels in the 
trunks and larger branches. Apparently ap- 
plications of DDT in April prevent such 
feeding. The trunks and larger branches 
were not treated except incidental to ob- 
taining full crown coverage. 

One plot of tall elm trees at Esopus, 
N. Y., an area where Scolytus multi- 
striatus is the most important vector, was 
treated with a single annual hydraulic 
spray of 2 per cent DDT in emulsion form 
in April of 1949, 1950, and 1951. Heavy 
breeding and emergence of bark beetles 
occurred in the plot in 1949 and 1950. 

4 Thompson, H. FE. 1954. The role of the native elm bark 
beetle, Hylurgopinus rufipes (Eichh.), in the transmission of the 


Dutch elm disease pathogen, Ceratostomella ulmi (Schwarz) 
Buis, Unpublished Ph.D. Thesis. Cornell University. 
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Twelve trees were sprayed each year, and 
none became infected. Fourteen un- 
sprayed trees became infected during the 
3-year period. There were approximately 
50 unsprayed trees available for infection 
in the plot area. This limited experiment 
indicates protection against infection 
through the agency of S. multistriatus. 
Plumb (1950) and Diamond et al. (1949) 
demonstrated control in plots involving a 
greater number of trees. 

TreEE Inyury BY ‘TREATMENTS, 
Apuips, AND Mires.—No tree injury was 
noted in any of the hydraulic spray plots 
from the formulations applied. Injury was 
noted following some of the mist applica- 
tions, particularly in the over-dosed lower 
portions of the trees. Injury consisted of 
killed buds and twigs, and development of 
small and or distorted foliage. In no case 
was injury severe the first year of treat- 
ment, but injury increased in successive 
seasons until it was very noticeable after 
3 years treatment in some cases. Xylene 
emulsions gave the least injury. Kerosene 
solutions were more injurious, and less 
volatile carrier oil formulations, which 
evidence greater tree top insecticide de- 
posits, evidenced the greatest phyto- 
toxicity. The supposition is deduced that 
injury is caused to a considerable extent 
by DDT rather than by the oils alone. 
The severity of injury following use of 
heavier oil carriers, or solvents other than 
xylene, renders of dubious practicality 
their use to increase tree top deposits. 

Following two annual treatments no def- 
inite increase of aphids or mites was ob- 
served. Following the third year’s treat- 
ment a very definite and serious increase 
of elm leaf aphid, Myzocallis ulmifolii 
(Monell), occurred in plots treated either 
by spray or mist blower. Sooty mold 
growth on the great amounts of honeydew 
gave many treated trees a black appear- 
ance in comparison to nearby untreated 
elms. Mites, both Tetranychidae and 
Eriophyidae, also increased the third year 
on some but not all treated elms. No un- 
treated trees evidenced high mite pop- 
ulations. The increased aphid population 
was of greater practical moment than the 
increase in mites. 

Exim Lear Beetie.—The single heavy 
prefoliar applications of DDT were effec- 
tive aga’nst the elm leaf beetle, Galerucella 
zanthomelaena (Schr.). In no case was a 
subsequent foliar application necessary. 











Vol. 47, No. 6 





Control of elm leaf beetle was not perfect, 
but was adequate for ordinary ornamental 
elm trees. Adult elm leaf beetle feeding 
was not prevented, but the larvae were 
killed shortly after hatching. Close obser- 
ration was made of elm leaf beetle injury 
in the Ithaca plots, and it was noted that 
control was equal to that of most foliar 
spraying or mist blowing in late May and 
June applied directly for elm leaf beetle 
control. The prefoliar mist blown trees to 
which dieldrin was applied evidenced the 
best elm leaf beetle control, showing prac- 
tically complete prevention of larval feed- 
ing. It is suggested that redistribution of 
the insecticide from the bark to the devel- 
oping leaves is responsible for the contro] 
of the elm leaf beetle obtained. 

LABORATORY Stupres.—Twigs were 
dipped in three concentrations of various 
insecticides as emulsions, then hung out- 
doors to weather. Similar methods of 
assay were used, as in the large tree treat- 
ment work. In all cases stock xylene-Tri- 
ton X-100 concentrates of the insecticides 
were prepared, and water emulsions 
freshly made for each dipping. 

Table 6 presents bark beetle mortality 
and scoring data for twigs dipped in .05 
per cent, 0.25 per cent and 1.0 per cent 
of each insecticide. All treatments except 
methoxychlor were highly effective after 
only 3-days’ weathering. After 5-weeks’ 
weathering, dieldrin, lindane, and para- 
thion appeared to be the most effective 
insecticides but did not prevent scoring at 
.05 per cent. Toxaphene and methoxychlor 
appeared to be the least effective insecti- 
cides after 5-weeks’ weathering. Eight- 
weeks’ weathering confirmed the effec- 
tiveness of dieldrin, lindane, and _ para- 
thion. Again toxaphene and methoxychlor 
were least effective. The weathering data 
recorded after 29 weeks are of doubtful 
significance as the beetles tended to hiber- 
nate rather than feed. Nevertheless diel- 
drin again evidenced high efficiency. The 
surprisingly long residual activity of 
evanescent insecticides such as parathion 
and lindane is probably explained by deep 
penetration of the emulsion into the dry 
bark. 

Part of the DDT-dipped twigs were 
chemically analyzed immediately after 
drying, and after 4-and 29-weeks’ weath- 
ering. The 1.0 per cent, 0.25 per cent and 
.05 per cent DDT-dipped twigs upon dry- 
ing analyzed 113, 23 and 5 micrograms of 
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Table 6.—Results of twig-dipping experiments in the laboratory. 1950. 








\VpEKS WEATHERED | 
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er cent insecticide | 
inemulsion used |  .2 05 05! 1.0 








Per Cent Mortality 

DDT f 100 54 98 
Dieldrin 100 =| 87 100 
Lindane | 100 | 87 93 
Parathion 100 =| «100 100 
Chlordane 100 | 7% 93 
Toxaphene | 9 100 =—ts«CO 58 
Methoxychlor 90 | 5&4 35 








Check 2 35 | 





0 35 





Scores per Jar 





DDT 

Dieldrin 

Lindane 

Parathion 

Chlordane 

Toxaphene 

Methoxychlor 5 
Check . 0 


moocoeoceceo 


o 





.0 


0 





! Scolytus multistriatis used in these tests; Hylurgopinus used in all others. 


DDT per square centimeter of bark, re- 
spectively. After 4-weeks’ weathering the 
0.25 per cent and .05 per cent DDT- 
dipped twigs analyzed 21 and 2 micro- 
grams DDT per square centimeter, re- 
spectively. The 1 per cent DDT-dipped 
twigs analyzed 24 micrograms DDT per 
square centimeter after 29-weeks’ weath- 
ering. A general correlation of all bark bee- 
tle data and the chemical analyses indi- 
cates that good protection is obtamned by 
deposits of over 40 micrograms of DDT 
per square centimeter of bark, and poor or 
no protection at less than 20 micrograms 
of DDT per square centimeter of bark. 
For a more complete discussion of these 
laboratory experiments, see Miller (1951). 

SUMMARY AND ConcLusions.—Single 
annual prefoliar treatments of American 
elm followed by laboratory chemical an- 
alyses and bark beetle assays indicated 
that: 

DDT suspensions weathered too rap- 
idly for use against insect vectors of 
Dutch elm disease. DDT emulsions ap- 
plied heavily gave deposits active for very 
long periods, but in tall-tree work pro- 
tection was incomplete 3 months after 
application. In general, tree-top deposits 
were inadequate for complete protection 
even though a high gallonage per tree was 
applied. Tree-top deposits by kerosene 


solution mists were not better than emul- 
sion deposits; but use of a less volatile 
carrier oil did appear to increase tree-top 
deposits. 

Even though laboratory assays indi- 
cated incomplete protection against bark 
beetle feeding, disease incidence indi- 
cated that bark beetle feeding was re- 
duced to sufficiently low levels to greatly 
reduce probability of inoculation by 
Hylurgopinus rufipes (Eichh.). A less ex- 
tensive experiment indicated, though not 
conclusively, that Scolytus multistriatus 
(Marsh.) may be similarly prevented from 
acting as a vector. The advisability of 
annual treatments to prevent Dutch elm 
disease infection is questionable because 
tree injury and increased mite and aphid 
populations follow, becoming more severe 
after several years treatment. Solutions 
were more injurious than emulsions. 

The heavy prefoliar DDT treatment 
was effective against the elm leaf beetle 
and no subsequent foliar applications 
were required. 

Laboratory experiments indicated that 
weathered bark deposits of dieldrin, para- 
thion, and lindane were equal or superior 
to DDT against bark beetles. Dieldrin 


5 Miller, H. C. 1951. Comparative toxicity of some synthetic 
organic insecticides to elm bark beetles. Unpublished Ph.D. 
Thesis, Cornell University. 
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was most effective, and of the most prob- 
able practicality. Treatment of city shade 
trees by mist blower experiments indi- 
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Studies of the residual action and tox- 
icity of parathion and methoxychlor to 
the cherry fruit fly, Rhagoletis cingulata 
(Loew), were conducted in the Yakima 
Valley, Washington, during 1952 and 
1953. Residual activity was measured by 
means of residue analyses and fruit fly 
bio-assays of duplicate leaf samples from 
treated cherry trees. A Hoskins-Caldwell 
spray chamber (1948) was utilized in de- 
termining the comparative toxicity of the 
two insecticides. 

Meruops AND MareriALs For ReEsIp- 
UAL Srupres.—Adult cherry fruit flies 
were obtained from soil emergence cages 
for bioassays. Since the flies were utilized 
at about the same time on each test day, 
all flies were 4 to 8 hours old at the start 
of the tests. Test flies were inactivated by 
placing them in a cold storage unit for 10 
minutes to facilitate their introduction in- 
to cages. Cages were constructed from 
petri dishes and rims from soil can lids to 
which were soldered discs of metal screen. 
The lower half of a 10-cm. petri dish was 
fitted with a 9-cm. filter paper. Each filter 
paper was moistened with 1 ml. of dis- 
tilled water. Two leaves from a given 


treated cherry tree were placed on the fil- 
ter paper. 


Approximately 10 flies were 





Residual Action and Toxicity of Methoxychlor and 
Parathion to the Cherry Fruit Fly! 







and R. E. Bry? 








introduced into each cage and the metal 
screen cover was placed on top. Four 
cages, or replicates, were used per treat- 
ment in each test. Caged flies were held in 
a 75° F. temperature cabinet and mortali- 
ties were determined after 24 hours. 

Leaf samples for the tests were obtained 
from treated cherry trees at 2-, 4-, 6-, 8-, 
and 10-day intervals after application. 
Duplicate samples were analyzed for in- 
secticidal residues by the method of Aver- 
ell & Norris (1948, 1949). 

Resutts oF Resipuat Stupies.—The 
combined results of two tests conducted 
in 1952 and two in 1953 are given in table 1 

During 1952, one test was carried out 
which included emulsifiable parathion at 
twice the dosage rate of wettable powder 
parathion. Table 2 shows the results of 
these two treatments. 

One test was conducted early in the 
1953 season (started April 30), before 


1 Scientific Paper No. 1286, Washington Agricultural Experi- 
ment Stations, Pullman. Project No. 791. 

2 Assistant Entomologist, Washington Agricultural Experi- 
ment Stations. 

3 Entomology Research Branch, Agricultural Research Ser- 
vice, U.S.D.A. 

4 Research Aide, Washington Agricultural Experiment Sta- 
tions. 
5 Grateful acknowledgment is extended to K, E. Frick and 
H. » Telford for assistance and suggestions concerning this 
wor 
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1953. 


Table 1.—Comparison of residual action of two insecticides against the cherry fruit fly, 1952 and 

















Resipue! AND PERCENTAGE MortA.ity? on No. Days AFTER 








Pounps APPLICATION INDICATED 
ACTUAL PER —— 

MATERIAL 100 GAL. Q 4 6 8 10 
Methoxychlor 

50% WP 1.0 5.9 (88)? 3.7 (78) 3.0 (51) 2.5 (29) 2.4 (15) 
Methoxychlor 

25% E 1.0 5.3 (48) 5.6 (31) 6.0 (25) 4.0 (14) 4.6 (9) 
Methoxychlor® 

50% WP plus 0.5 237 1.9 2.9 2:9 2.6 
Parathion (94) (54) (56) (47) (23) 

25% WP 0.125 0.20 0.14 0.10 0.08 0.08 
Parathion 

25% WP 0.25 0.26 (100) 0.16 (73) 0.14 (44) ~—-0.11 (19) ~— «0.08 (16) 
Parathion‘ 

25% E 0.25 0.08 (44) 0.09 (33) 0.04 (26) 0.04 (12) 0.04 (12) 








mortality). 
3 Based on two tests, 1953. 
4 Based on three tests, 1952 and 1953, 


cherry fruit fly sprays would normally be 
applied. The residue analyses and mor- 
tality studies in this test yielded data 
which were considerably lower than in the 
other tests. This may have been due to the 
“apparent” loss in residues from leaf ex- 
pansion and also from greater runoff at 
the time of application, since the young 
foliage is quite slick. The results of this 
test are presented in table 3. 

Metuops AND MarertiAts For Tox- 
ity Srupres.—A  Hoskins-Caldwell 
spray chamber was utilized in treating the 
test insects. The applications were made 
by means of a glass gun which produced a 
mist of 56 microns average droplet diame- 
ter in the treatment cages. Eight ml. of 
liquid were sprayed in each test, using an 
air pressure of 10 lb. per sq. inch. 

Day-old flies were obtained from metal 
emergence cages stocked with pupal ma- 
terial. The pupae developed from maggots 
in infested cherries which had been con- 
centrated during the previous summer. 


fly, 1952. 





Table 2.—Comparison of residual action of two formulations of parathion against the cherry fruit 










1 All insecticidal residues recorded in micrograms per sq. cm. of leaf surface. _ J 
All percentage mortalities, given in parentheses, corrected for the check with Abbott’s formula (checks varied from 0 to 9% 


These pupae were held in a refrigerator 
for scheduled periods of time and then 
placed in a 80° F. temperature cabinet. 
This procedure allowed a continual emer- 
gence of adult flies for testing. After treat- 
ment, the flies were provided with mois- 
ture by means of dental roll wicks in- 
serted into the cages. All cages were held 
in a 75° F. temperature cabinet, and per- 
centage mortalities were established after 
24 hours. 

A series of dilutions of methoxychlor 
21 per cent emulsifiable’ in distilled water 
was applied in five tests. Two tests using 
25 per cent methoxychlor emulsifiable 
formulated from the technical (88% ac- 
tual) material® and two tests using a 50% 
wettable powder’ were also conducted. All 
three sets of tests gave similar results with 
equivalent doses of actual methoxychlor. 

Parathion 25 per cent emulsifiable,® in 
, 6 Samples obtained from E. I. DuPont de Nemours and Co., 
ne, 


7 Sample obtained from Geigy Company, Inc. 
8 Sample obtained from American Cyanamid Co. 











Pounps 
iL a oO 
MATERIAL 100 Gat. Q2 
Parathion 
25% WP 0.25 0.11 (100)? 


Parathion 


25% E 0.07 (96) 





Resipue! anp PerceENTAGE Mortauity? on No. Days AFTER 


APPLICATION INDICATED 





0.06 (85) 


0.08 (90) 


+ 6 8 10 





0.06 (23) 0.03 (10) 0.08 (11) 


0.06 (41) 0.07 (0) 0.03 (17) 















' See footnote 1, table 1. 
>See footnote 2, table 1. 
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Table 3.—Residual action of an early application of insecticides against the cherry fruit fly, 1953. 








Resipve! AND PercENTAGE Mortauity? on No. Days AFTER 


Pounps 
ACTUAL PER 
100 GAL. 


MATERIAL 


Methoxychlor 

50% WP 0 
Methoxychlor 

25% E 
Methoxychlor 

50% WP plus 
Parathion 

25% WP 
Parathion 

25% WP 
Parathion 

25% E 


36 


APPLICATION INDICATED 





.34 (53) 


91 (36) 


10 





0.30 (40) 0.37 (21) 


0.49 (19) 0.94 (2) 


0.49 0.34 
(28) 
0.02 


(49) (10) 


0 


(58) 0.03 (40) 0.01 (18) 


(52) 0.01 (33) 0 (8) 





1 See footnote 1, table 1. 
2 See footnote 2, table 1. 


a series of dilutions with distilled water, 
was tested five times. 

A combination of 21 per cent methoxy- 
chlor emulsifiable and 25 per cent para- 
thion emulsifiable was applied in a series 
of dilutions in four tests. These dilutions 
provided the equivalent of one-half of the 
dosages established for each of the insec- 
ticides in the earlier tests. 

The data obtained were graphed as log 
dose versus probit mortality. Straight-line 
plots for each curve were calculated by 
means of the Bliss (1935) method of prob- 
it analysis. 

Resutts or Toxiciry Strupres.—LDs5 
LD,; for the three treatments tested are: 
0.45% and 1.27% for methoxychlor, 
0.007°% and 0.038% for parathion, and 
0.34% and 0.96% for methoxychlor plus 





- 
* O= PARATHION 25 SE 

Q= METHOXYCHLOR 21% € 

O= PARATHION PLUS METHOXYCHLOR 


PROBIT MORTALITY 
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parathion. The toxicity curves for the 
treatments are presented in figure 1. 
Concuusions.—Although the insecti- 
cidal residues found following treatments 
with emulsifiable methoxychlor were gen- 
erally higher than those with wettable 
methoxychlor, emulsifiable methoxychlor 
caused lower mortalities of the cherry 
fruit fly. Apparently, the emulsifiable 
methoxychlor formulations (two commer- 
cial preparations and one special mixture 
were compared) are less effective than the 
wettable methoxychlor formulations be- 
cause of some inherent quality of the ad- 
juvants. 
The wettable parathion gave both 
greater deposits and higher fly mortalities 
than the emulsifiable parathion. More- 
over, where emulsifiable parathion was 
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Fic. 1.—Comparative toxicity of parathion and methoxychlor to the cherry fruit fly. 
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ipplied at twice the dosage rate of wetta- 
le parathion, approximately equal re- 
sults were obtained in percentage mortali- 
ies and residues. It appears that the vari- 
ition in effectiveness of the two types of 
arathion formulations is mainly due to 
lifferences in deposition. 

The residual LDs9 for methoxychlor 
wettable, parathion wettable, and the 
combination of methoxychlor and para- 
thion was established at approximately 6 
days following the applications, under the 
conditions of the tests. 

There was a definite correlation be- 
tween insecticidal residues and fruit fly 
mortalities in this investigation. 

In laboratory tests, the LDg; of methox- 
yvehlor for the cherry fruit fly was about 


33 times that of parathion for the first 24 
hours. However, the commonly employed 
field dose of methoxychlor for the cherry 
fruit fly is only 4 times that of parathion. 
Reference to the residual test results indi- 
cates that parathion has to be applied at 
this seemingly excessive dosage rate in the 
field to obtain the necessary residual ac- 
tion for practical control. 

The combination of methoxychlor and 
parathion gave an LDs and an LD,; 
which were essentially equivalent to the 
combined values of one-half of the LDs505 
and LD,;, for the materials applied sepa- 
rately. Apparently, there is no sizable 
change in toxicity to the cherry fruit fly 
from combining these two insecticides. 
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Translocation of Radioactive Phosphorus Injected by 


the Green Peach Aphid into Tobacco Plants! 


F. R. Lawson, U.S.D.A., Agr. Res. Serv., Entomology Research Branch, G. B. Lucas, Dept. of Plant 
Pathology, and N.S. Hauu, Dept. of Agronomy, North Carolina State College 


The green peach aphid, Myzus persicae 
(Sulz.), has recently become an important 
pest of tobacco in the United States 
(Creighton & Gresham 1947, Chamberlin 
1952, Dominick 1949, and Kulash 1949). 
Damage to the crop is partly due to the 
sticky honeydew secreted by the aphids 
on the leaves. This substance may serve 
as a substrate for sooty molds, which 
cause the leaves to turn black and thus 
reduce their value, or it may cause them 
to stick together and complicate the cur- 
ing process. There is also evidence of se- 
vere injury to the growing plant. When 
the insects feed upon tobacco, there are no 
obvious local lesions, but when large num- 
bers are present, the leaves attacked be- 
come yellow and ripen prematurely. After 
curing, types that are normally yellow 
tend to be brown. Aphids are likely to be 
particularly numerous on the basal por- 
tions of the lower leaves. In those types 
of tobacco in which the whole plant is cut, 
these portions of the lower leaves may die 


and fall out before harvest. The most val- 
uable leaves are thus ruined. When large 
numbers of aphids attack young plants, 
the whole plant may become stunted, yel- 
low, and impoverished. This condition 
persists some time after the aphid popu- 
lation has been destroyed by natural fac- 
tors or insecticides. 

The question arises as to whether this 
injury is due solely to the removal of nu- 
tritive substances and starvation of the 
plant or in part to toxic materials injected 
by the insects. It is well known that in 
feeding on plants sucking insects of the 
orders Homoptera and Hemiptera inject 
salivary secretions into the tissues. These 
injected materials may include disease 
organisms or they may in themselves be 
toxic to the plant This subject has been 
reviewed by Carter (1939) and by Leach 


1 Presented at the meeting of the North Carolina Academy of 
Science, Raleigh, N. C., May 8-9, 1953. This work was con- 
ducted in cooperation with the Field Crops Research Branch 
of the U. S. Department of Agriculture and the North Carolina 
Department of Agriculture. 
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Table 1.—Tests of aphids fed on radioactive 
tobacco plants. 











Mean 
Date NumBer Counts 
(Fesru- OF PER 
Test ARY) SusBsEctT Reapincs MInNvute 
1 5 Background 5 75 
1 sq. in. of leaf from 
radioactive plant 
with aphids on it 4 8000 
Many alatae in vial 3 433 
8 Background 3 60 
1 winged adult + 145 
1 winged adult 3 500 
1 winged adult 3 267 
2 winged adults 3 450 
Clean leaf with nu- 
merous clean 
aphids (check) iy 67 
3 9 Background 3 35 
1 dead aphid 3 1033 





(1940). A number of serious plant disor- 
ders are attributed to the toxic action of 
these secretions In some cases the injury 
is local, as in aphid stigmonose of carna- 
tions, hopperburn of potatoes and other 
crops, froghopper blight of sugar cane, 
and green spotting of pineapple. But in 
psyllid yellows of potatoes, Anasa wilt of 
cucurbits, and mealybug wilt of pineap- 
ples the injury is systemic. Carter (1945) 
demonstrated that radioactive phospho- 
rus deposited by mealybugs feeding upon 
pineapple leaves was carried to the roots. 

The green peach aphid is known to car- 
ry many virus diseases of plants (Leach 
1940), including some affecting tobacco 
(Chamberlin 1952), but it has not been 
reported to be toxicogenic. Horsfall (1923) 
reported on the formation of stylet sheaths 
by this species. Hamilton (1935) showed 
that radioactive polonium ingested by the 
aphid from culture solutions was depos- 
ited in detached leaves of Hyoscyamus. 
Whether or not the substances injected by 
this species into living plants are trans- 
located is the subject of the experiments 
reported here. These experiments were 
carried on at Oxford, North Carolina, in 
1951. 

EXPERIMENTAL Meruops.—Aphid se- 
cretions were traced by the use of radio- 
active phosphorus (P*). All counts of 
radioactivity were made with a Geiger- 
Mueller counter connected to an integrat- 
ing meter calibrated for a range of 0 to 
20,000 counts per minute. The error of the 
instrument was about 5 per cent of full- 
scale reading (200 units). When counts 
of moist materials such as live insects or 
plants were made, a shield of aluminum 
foil was placed between the mica-end win- 
dow of the counter and the subject. Back- 
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ground counts were made under the same 
conditions as subject counts where possi- 
ble. Replicate readings were taken at 30- 
second intervals. 

Aphids Fed on Radioactive Plants.—On 
February 2, eleven tobacco plants in the 
greenhouse were treated with an aqueous 
solution of radioactive phosphoric acid 
poured into the soil in which they were 
growing. These plants were heavily in- 
fested with green peach aphids. Table 1 
shows that the aphids picked up consider- 
able P®. 

Habitat Contamination by Radioactive 
Aphids..-When radioactive alatae were 
caged with clean apterae on nonradioac- 
tive plants, the latter became radioactive 
(Table 2, Tests 4 and 5). Most of the con- 
tamination was probably due to honey- 
dew or feces from the radioactive alatae 
falling on the apterae. Such materials fall- 
ing on celludoid showed considerable ra- 
dioactivity. After the excrement had been 
removed by washing in tap water, radio- 
activity was lost (Test 6). Nymphs born 
to radioactive mothers were radioactive 
(Test 7), but this may have been due 
partly to contamination with honeydew. 
Cast skins lost most of their radioactivity 
when washed in tap water (Test 8). 

Injection into Plants by Radioactive 
Aphids.—To determine whether aphids 
injected material into tobacco plants, and 
whether such material was translocated 
after injection, on February 6 radioactive 
aphids were caged on one leaf of a small 
plant (Leaf 1). Another leaf on the same 
plant was caged to make certain that it 
would not be contaminated by contact 
from any aphids that might escape (Leaf 
2). Radioactivity counts were made on 
these leaves before treatment and again 
after 6 days (Table 3). Before treatment 
there was no indication of radioactivity 
in this plant (Test 9). Six days later Leaf 
1, on which radioactive aphids had been 
caged, was thoroughly washed to remove 
aphids, honeydew, and feces. Radioac- 
tivity counts showed that the leaf con- 
tained considerable P® (‘Test 10). Leaf 2, 
which was caged to keep out aphids, and 
the roots of this plant failed to reveal any 
radioactivity (Test 10). However, when 
this leaf and the rest of the plant were re- 
duced to ash and tested, definite evidence 
of P® was found (Test 11). 

Half of Leaf 1, on which aphids had fed, 
was washed thoroughly, examined under 
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Table 2.—Tests of habitat contamination by radioactive aphids. 











NuMBER MEAN 








DATE OF Counts 
(FesrRvu- ReEAap- PER 
TEST ARY) SUBJECT INGS MINUTE 
4 7 Background + 46 
Clean tobacco leaf with nonradioactive apterae (check for test 5) 5 59 
5} 9 Background 3 38 
17 alatae from radioactive plant put on clean plant Feb. 7 f 633 
55 apterae caged 2 days on clean plant with radioactive alatae 3 1583 
17 apterae caged 2 days on clean plant with radioactive alatae 3 483 
6 9 Background 3 43 
(a) About 1 sq. em. of celluloid left beneath radioactive aphids 
for 3 days and holding dried droplets of excrement but no 
debris 3 218 
(b) Same piece of celluloid after washing under water tap 3 37 
(c) Same as (a) except about 2 sq. cm. of celluloid 3 767 
(d) (c) after washing under water tap 3 38 
7 12 Background 7 43 
8 small nymphs born to radioactive mothers on clean plants t 325 
8 14 Background t 33 
Cast skins collected from radioactive plants 5 350 
Same cast skins after washing in tap water 4 67 





1 All aphids were removed from plants before testing. 


the microscope for aphids and cast skins, 
and then placed between films in a photo- 
graphic darkroom. In the resulting radio- 
autograph (Figure 1) the bright spots in- 
dicate the presence of P®. They could be 
due either to materials injected in feeding 
or to absorption of honeydew. To deter- 
mine whether honeydew was absorbed, 
a plant with no aphids on it was placed be- 
neath another plant on which radioactive 
aphids were feeding and left there for 3 
hours. A continuous watch was kept to 
make sure that no aphids fed on the test 
plant. Numerous spots of honeydew were 
deposited on it. It was then caged for 4 
days to permit absorption of honeydew. 
At the end of this time two leaves were 
removed, one was washed and one was 
not, and radioautographs were made of 
both. The unwashed leaf with honeydew 
on it showed radioactive spots, but the 
washed leaf showed no evidence of radio- 
activity. 

It appears, then, that radioactive ma- 
terials in honeydew are not absorbed by 
the growing plant. Therefore, the bright 
spots in Figure 1 represent feeding punc- 
tures. Some of them are bright and quite 
sharp. Others are dim and diffuse, appar- 
ently old punctures from which most of 
the injected material has been absorbed. 
The diffuse light area, which might repre- 
sent absorbed material, is brightest where 
the spots are most numerous. 

These tests indicate that materials in- 


jected by aphids are absorbed and trans- 
located. Their effect on the plant is ques- 
tionable. They are certainly not so toxic 
as those injected by some other insects 
such as the pineapple mealybug or the 
squash bug, where only one or a few in- 





Fic. 1.—Radioautograph of half a tobacco leaf on 
which radioactive aphids had fed for 6 days. 
























































Li 
a me a ec, SLES RT Ne NARI HE 


JoURNAL OF Economic ENTOMOLOGY 


Table 3.—Tests of tobacco plant on which radioactive aphids had fed. 
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NuMBER MEAN 





DATE OF Counts 
(FEesru- ReEap- PER 

TEst ARY) SUBJECT INGS MINUTE 

9 6 Background 4 63 
Leaf 1 with radioactive aphids caged on it 1 15 ,000+- 

Leaf 2 on nonradioactive plant before treatment 3 52 

10 12 Background e 43 

Leaf 1 with aphids removed and leaf washed in water 3 180 

Leaf 2 3 40 

Roots 3 45 

11! 13 Half of Leaf 1 washed, then reduced to ash —- 1,806 

Leaf 2 washed, then reduced to ash -- 672 

2 leaves, bud, and stem of same plant washed, then reduced toash — 774 








1 Corrected for background, 


sects are capable of killing the plant, 
whereas thousands of aphids are required 
to produce the same effect on tobacco. It 
is possible, however, that these foreign 
substances do retard the metabolism of 
the plants and that this accounts for the 
delayed recovery of plants that have been 
heavily infested but later depopulated. 
SuMMARY AND ConcLustons.—Green 
peach aphids, Myzus persicae (Sulz.), that 
fed upon tobacco plants treated with ra- 
dioactive phosphorus (P*-) became radio- 











active. The tracer was found in their 
honeydew or feces and in or on cast skins 
and young born of radioactive mothers. 
It was also found in leaves on which the 
aphids had fed, where it was probably in- 
jected with the salivary secretions. The 
P® inserted into the leaf by the aphids was 
translocated to other parts of the plant. 
It is concluded that part of the injury 
to tobacco caused by these aphids may be 
due to injected salivary secretions ab- 
sorbed and translocated by the plant. 
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THE SWEADNER ENTOMOLOGICAL SOCIETY 


On October 22nd the Sweadner Entomological So- 
ciety of Pittsburgh, Pa., will have completed its 
third year of existence. Organized to further the 
study of Entomology in the Pittsburgh area, the 
SES now has an enrollment of thirty-eight active 
members. Regular meetings are held in the Ento- 
mology Laboratory, Carnegie Museum, the fourth 
Monday evening of each month, excepting June, 
July, and August. All persons interested in any phase 


of Entomology are invited to attend. Dues for active 
membership are one dollar per year. 

Present officers include (until December): Presi- 
dent, Harry Clench; Vice-president, Otto Acker- 
mann; Secretary-treasurer, George Wallace: Alter 
nate secretary-treasurer, Ralph Priddy. Address cor- 
respondence to: The Secretary-treasurer, Sweadner 
Entomological Society, c/o Section of Insects and 
Spiders, Carnegie Museum, Pittsburgh 13, Pa. 
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Control of Insects and Spider Mites on Cotton in 1953+ 
M. T. Young and R. C. Garnes, Entomology Research Branch, Agr. Res. Serv., U.S.D.A2 


Calcium arsenate, various organic in- 
ecticides, and mixtures of these materials 
were tested at Tallulah, Louisiana, in 1953 
for control of the boll weevil, Anthonomus 
yrandis Boh., the bollworm, Heliothis 
armigera (Hbn.), other lepidopterous lar- 
vae, the cotton aphid, Aphis gossypii 
(ilov., the cotton fleahopper, Psallus seria- 
ius (Reut.), the two-spotted spider mite, 
letranychus bimaculatus Harvey, and the 
desert spider mite, Tetranychus desertorum 
Banks. 

Metuops.—Six experiments were con- 
ducted in plots arranged in randomized 
blocks, with four replications of each 
treatment. Each plot was 12 rows wide 
and of sufficient length to contain 0.1 acre 
or more. All infestation and yield records 
were made on the four middle rows. 

Boll weevil-injured squares were de- 
termined by examining 100 squares and 
bollworm-injured bolls by examining 100 
bolls in each plot. Cotton fleahopper 
counts were made by recording the num- 
ber of nymphs and adults on 100 termi- 
nals in each plot. Counts of aphids and 
spider mites were made on 100 square 
inches of leaf area. One square inch was 
examined per leaf near the center on the 
underside of the fourth leaf from the top 
of the plant. 

In experiments 1, 2, 5, and 6 and in the 
dust treatments in experiments 3 and 4, 
all insecticides were applied with single- 
nozzle rotary hand dusters early in the 


morning or late in the afternoon. In ex- 
periments 3 and 4 various sprays, applied 
with a three-row (one nozzle per row) 
sprayer when the plants were dry, were 
compared with dusts and no treatment. 

All the cotton was planted during the 
last half of April, and a good stand was ob- 
tained in each plot. The boll weevil was 
the most important insect, but a hot, dry 
summer gave considerable climatic con- 
trol of this pest. Cotton fleahoppers were 
present in large numbers during the latter 
part of June and early part of July. Spider 
mite and aphid infestations were too low 
to cause damage in any of the experi- 
ments. Bollworm damage was light during 
the entire season. 

EXPERIMENT 1 (TABLE 1).—Insecti- 
cides were applied as dusts on June 30, 
July 17, 24, 30, August 3, 7, 12, and 18. 
The aphid and bollworm infestations were 
low and of little importance during the 
entire season. The cotton fleahopper in- 
festation was heavy on June 26. In all the 
experiments the dusts applied on June 30 
controlled this pest in the untreated 
checks as well as in the treated plots, in- 
dicating that 0.1-acre plots were too small 
for tests on cotton fleahopper control. The 
spider mite infestation was light, but 


1 Presented at the meeting of the Cotton Stetes Branch, 
Entomological Society of America, at Biloxi, Miss., Jan, 25-27, 
1954, 

2 The authors &y assisted in the field by G. L. 
C. M. Swanson, E. Powell, Jr., C. E. Forrest, Jr., 
Donald, B. R. aha te and R. B. Powell. 
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Table 1.—Results obtained in experiment !. 
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Table 2.—Results obtained in experiment 2. 


























| Per Centror | Corton FiEa- | 
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U atreated check wy Te 21 4 | 2 | 0.01 0.14 0.12 ‘ | 2,103 — 
DDT 5+sulfur 40— | | | 

+aldrin 2.5 oy oS wie es eer ae 06 | 2 2,545 | 442 

+BHC (gi.) 8 geet ee 10 35 | 1 01 | 08 | .05 2 | 2)696 | 593 

+dieldrin 1.5 | 10 “fare eee oe ee ee 2 | 2 2'616 | 513 

+heptachlor 2.5 eae are RR Dg 05 he 2555 | 452 
Malathion 4 of chiah)t ae oe oe ae woe wi wee 
Methyl parathion 2.5 | | | 

+DDT 5 Sct oe oe 42 1 01 02 1 | @ 2,787 | 684 
Strobane 20 10 i2 | 18 39 1 | .o1 | .@2 | .06 3 2'575 | 472 
Toxaphe ne 20+sulfur 40} 10 > fe 39 7 a ae Q 2'731 | 628 
LS.D. at 5% level —- | — 6 ~~ - |i|- ea _ 300 ~- 




















greatest in the plots treated with dusts DDT gave better boll weevil control and 
that contained no acaricide—namely, a greater increased yield over the un- 
BHC (6 per cent gamma isomer) plus treated checks than any of the other in- 
DDT 5 per cent, BHC (3 per cent gamma __ secticides. All the treated plots had in- 
isomer) plus DDT 5 per cent, and BHC creased yields over the untreated checks. 
(3 per cent gamma isomer) plus DDT 5 These increases were significant except in 
per cent plus special oil. The 2 per cent the plot dusted with malathion. 
Metacide dust did not give satisfactory EXPERIMENT 3 (TABLE 3).—Insecti- 
control of the boll weevil, although all the cides were applied on July 9 and 10, 27,31, 
other insecticides did. All the treatments August 5, 10, 14, and 19. The spider mite, 
gave small increases in yield over the un- aphid, and bollworm infestations were low 
treated checks, but there were no signifi- and of little importance during the entire 
cant differences among the yields. season. The dusts and sprays gave satis- 
EXPERIMENT 2 (TABLE 2).—Insecti- factory control of the cotton fleahopper 
cides were applied on July 1, 17, 24, 30, and the boll weevil. All the treatments ex- 
August 3, 7, 12, and 17. The spider mite, cept the methyl parathion spray gave sig- 
aphid, and bollworm infestations were low nificant increases in yield over the un- 
and of little importance during the entire — treated checks; the greatest increases were 
season. The cotton fleahopper infestation in the plots treated with the BHC-DDT 
was very heavy on June 30. All the insec- spray and the BHC-DDT-sulfur dust. 
ticides applied on July 1 controlled this EXPERIMENT 4 (TABLE 4).— Insecticides 
pest in the treated plots as well as in the — were applied on July 9 and 10, 27, 31, 
untreated checks. Methyl parathion plus August 5, 10, 14, and 19. The aphid infes. 




























Table 3.—Results obtained in experiment 3. 
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Table 4.—Results obtained in experiment 4. 
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Sprays (pounds per gal- | 
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DDT 2 
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tation was light but was heavier in the injury was low but was significantly less 
two dusted plots and the plot receiving in all the treated plots than in the un- 
the DDT-heptachlor spray than in any treated checks. All the dusts and sprays 
of the other treated plots. The spider mite applied on July 9 and 10 gave satisfactory 
infestation was light but was heaviest in control of the cotton fleahopper. Endrin 
the plot sprayed with DDT-heptachlor gave slightly better boll weevil control 
and the untreated checks. The bollworm and the greatest increased yield over the 


Table 5.—Results obtained in experiment 5. 
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Table 6.—Results obtained in experiment 6. 
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untreated checks. All the treatments ex- 
cept the DDT-heptachlor spray and the 
toxaphene-sulfur dust gave significant 
increases in yield over the untreated 
checks. 

EXPERIMENT 5 (TaBLe 5).—Insecti- 
cides were applied on July 9, 27, 31, 
August 5, 10, 14, and 19. The spider mite 
and aphid infestations were low and of 
little importance during the entire season. 
This experiment was designed to test six 
acaracides against heavy mite infesta- 
tions. Since infestations failed to develop, 
yields were not obtained in all replicates. 
The bollworm injury was light, but was 
significantly lower in each of the treated 
plots than in the untreated checks. The 
treatments made on July 9 gave very sat- 
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isfactory control of the cotton fleahopper. 
The BHC-DDT-sulfur alternated with 
calcium arsenate gave slightly better con- 
trol than aldrin plus DDT and a greater 
increased yield. 

©XPERIMENT 6 (TABLE 6).—Insecti- 
cides were applied on July 31, August 5, 
10, 14, and 19. The spider mite and aphid 
infestations were low and of little import- 
ance during the entire season. The boll- 
worm injury was light but was significant- 
ly less in each of the treated plots than in 
the untreated checks. DDT plus chlor- 
thion at both strengths had very poor 
dusting qualities. The BHC-DDT-sulfur 
gave the best boll weevil control, but the 
DDT 5 per cent plus chlorthion 2.5 per 
cent gave the greatest increased yield. 








Bioclimatic Studies of Three Species of Fruit 
Flies in Hawaii 


P. S. Messencer, Department of Biological Control, University of California Agricultural Experiment 


Bioclimatic studies with the oriental 
fruit fly, Dacus dorsalis Hendel, have been 
in progress in Hawaii since early 1951. A 
description of the bioclimatic cabinets 
used for these studies, the techniques used 
in handling fruit flies, and certain prelimi- 
nary results obtained with several differ- 
ent mainland climates have been reported 
previously (Flitters & Messenger 1953, 
Messenger & Flitters 1953). The present 
paper is a more detailed progress report of 
the results of these studies, from their in- 
ception through June, 1953. 

The purpose of the studies, which since 
early 1952 have been expanded to include 
the Mediterranean fruit fly, Ceratitis capi- 
tata (Wied.), and the melon fly, Dacus cu- 
curbitae Coq., is to determine the ability 
of these tropical fruit flies to reproduce 
and develop in various simulated climates 
typical of different parts of the continen- 
tal United States. Information on the ef- 
fect of climate on fruit fly development 
would be of vital significance in consider- 
ing the problem of establishment, build- 
up, and spread of these economically im- 
portant pests should incipient infestations 
ever be discovered in the continental 
United States. 

Special emphasis is being placed upon 


Station, and N. E. Firrrers, Entomology Research Branch, Agr. Res. Serv., U.S.D.A., Honolulu, T.H2 


developing knowledge of the climatic limi- 
tations of these fruit fly species. It is ex- 
pected that from such information the 
effects of other, not-to-be-simulated cli- 
mates upon the fruit flies may be pre- 
dicted, and that the areas in the United 
States particularly favorable, not favor- 
able, or marginal for their development 
may thus be determined. The ultimate 
aim is to designate areas in the continen- 
tal United States that may be susceptible 
to damaging infestations of these econom- 
ically important pests after direct intro- 
duction from Hawaii or elsewhere, or after 
secondary movement from any estab- 
lished mainland infestations that may oc- 
cur. 

The studies are being conducted in 
seven large refrigerator-type cabinets that 
are owned and operated jointly by the 
U. S. Department of Agriculture and the 


1 Paper No. 789, University of California Citrus Experiment 
Station, Riverside, California. 

2 The authors gratefully acknowledge the assistance and co- 
operation of their staff assistants and of those individuals who 
have participated in the over-all planning and development oi 
the equipment, in particular, Walter Carter of the Pineapple 
Research Institute, Honolulu, and L. D. Christenson of the 
Entomology Research Branch, Agricultural Research Service, 
U.S.D.A., Honolulu, T. H. The bioclimatic project is also in 
debted to those who supplied weather records for simulation 
studies, especially to H. B. Schultz of the University of Cali- 
fornia Agricultural Experiment Station and to G, P. Wene of 
the Texas Agricultural Experiment Station. 
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University of California (Messenger & 
‘litters 1953). Within these cabinets tem- 
veratures and humidities are controllable 
n correspondence with predetermined 
vatterns that permit the factors to be 
varied continuously, from hour to hour, 
with diurnal and seasonal fluctuations as 
they occur in nature. 

The studies in Hawaii are concerned 
solely with the effect of climate. Results 
indicating certain degrees of fruit fly ac- 
tivity or of reproductive capacity possible 
in certain mainland areas do not take into 
account other ecological factors such as 
the availability and annual succession of 
suitable host plants, the dispersal of fruit 
fly adults from points of establishment 
into surrounding, uninfested areas, com- 
petition with other fruit- or vegetable-in- 
festing insect pests, or the control mea- 
sures currently in use, all of which may 
have an important bearing on the ability 
of each of the fruit fly species to develop 
to pest importance. 

MATERIALS AND Mernops.—Selection 
of climates for study has been governed 
mainly by the desire to delimit mainland 
areas of greatest potential fruit fly hazard. 
Accordingly, the majority of the climates 
selected are concentrated in the southern 
areas of the United States, from South 
Carolina and Florida to California. Cli- 
mates in the southern California area have 
been given emphasis because of the immi- 
nent possibility of fruit fly introductions 
from Hawaii into these areas via the port 
of Los Angeles. Several interior locations 
in California and of the continental United 
States have also been studied to obtain 
information applicable to the remainder of 
the agricultural sections outside the 
southern tier of states. 

After a mainland site has been selected 
for study, weekly hydrothermograph data 
are collected by cooperators and _ for- 
warded to Hawaii. These data are trans- 
ferred to suitable cams and _ recording 
charts, which control the operation of 
each cabinet. 

Climates of the initial studies were 
simulated through the complete annual 
cycle, but more recent study sites have 
been evaluated only from the fall through 
early winter, and from the spring through 
early summer. This has been practiced 
primarily with those climates having win- 
ter periods of considerable duration and 
severity, since the simulation of these win- 
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ter periods provides no useful data so far 
as fruit fly development and activity are 
concerned. This procedure has enabled us 
to evaluate a greater number of study sites 
in a given period of time than would have 
been possible otherwise. 

Once a cabinet is placed in operation, 
its interior space is used much like an in- 
sectary. All three fruit fly species are 
studied at the same time, but each species 
is isolated from the others in cages con- 
taining stocks of sexually mature adult 
flies and fruit for oviposition. Samples of 
each stage of fly development are also 
maintained in the cabinets in appropriate 
cages or containers. Adult mortality is 
determined daily, and any depletion of the 
parent stocks in the cages is offset by the 
introduction of like numbers once weekly. 
Infested fruits are held over sand until the 
immature forms of the fruit flies have 
completed their development. Ensuing 
progeny are collected daily, and all mem- 
bers of each generation are maintained to- 
gether in separate cages, where they are 
permitted to mature sexually and repro- 
duce in the same prescribed manner. 
Changes in the rates of development, in 
quantity of progeny, and in adult activity 
noted through daily observations are com- 
pared directly with changes in the values 
of the climatic variables. All fruit flies 
used in the experiments are produced in 
a fly-rearing room with standardized rear- 
ing techniques. 

Auxiliary studies are likewise conducted 
within the cabinets. Samples of the imma- 
ture stages of the three species of fruit 
flies are collected from the insectary and 
introduced into the cabinets once weekly. 
These samples consist of newly laid eggs, 
newly hatched larvae, newly formed pu- 
paria, and newly emerged adults. The 
rates of development of each stage and the 
percentage recovery are noted. 

Differences in the growth rates of the 
fruit fly stages are compared with the 
climatic factors being simulated at that 
time In this manner threshold values for 
growth and activity may be approxi- 
mated. Comparisons between stages indi- 
cate which part of the life cycle of the spe- 
cies is affected the most by extremes in 
temperature, and comparisons between 
species indicate which is the most tolerant 
to such extremes. 

Resutts.—The following climates have 
been or are now being studies in the cab- 
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Fig. 1.—Sites from which climatic data were obtained for simulation in 
the bioclimatic cabinets. 


inets in Honolulu: Charleston (1939-40), 
South Carolina; Fort Pierce (1941-42), 
Orlando (1929-30), and Monticello (1942- 
43), Florida; Vincennes (1948-49), Indi- 
ana; Houma (1949-50), Louisiana; Wes- 
laco (1952-53) and Winter Haven (1951- 
52), Texas; Tempe (1937-38), Arizona; 
and Riverside (1949-50), Fresno (1949- 
50), Oceanside (1949-50), El Centro 
(1950-51), Auburn (1950-51), San Jose 
(1950-51), Orange (1952-53), Fallbrook 
(1952-53), and Santa Paula (1951-52), 
California. (See Fig. 1.) From the effects 
of these climates on the oriental fruit fly, 
the sites may be classified roughly as fa- 
vorable for year-round reproduction and 
development or not favorable by virtue 
of an interrupting, unfavorable winter 
season. The former type appears to exist 
principally in Florida and along coastal 
regions of the Gulf of Mexico, but there 
are indications that there are limited areas 
with favorable winter climates in southern 
California and Arizona. 

The favorability of a climate with re- 
spect to the potential establishment and 
build-up of fruit flies is evaluated in ac- 
cordance with the ability of these insects 
to reproduce and develop within the cab- 


inet, all other factors, such as type and 
quantity of food, being optimal. The ef- 
fect of climate on the performance of the 
fruit flies is measured by several different 
criteria, which include the number of 
months in the year during which repro- 
duction occurs and fruits become infested, 
the number of successive generations of 
progeny produced in a year, the rate of 
build-up and number of progeny produced 
in a generation, the total progeny during 
a year, and the degree to which the life 
cycle of the fruit flies in the cabinet in any 
given season of the year differs from the 
life cycle of the same species under natural 
conditions in Hawaii. 

The duration of development of the in- 
dividual stages of the oriental fruit fly, 
and the length of the life cycle as a whole, 
are almost completely governed by the 
temperature factor of climate. In many of 
the mainland climates simulated up to the 
present time, summer temperatures have 
permitted growth rates approaching those 
in Honolulu. However, the cooler spring 
and fall temperatures encountered in 4 
majority of the various mainland climates 
studied have caused lowering of the 
growth rates, and longer life cycles. 
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Table 1.—Effect of seasonal temperature con- 
ditions upon duration of life cycle of the oriental 
fruit fly, Dacus dorsalis Hendel, in Honolulu and 
in simulated mainland climates. 


























AveraGe Days To CompLete Stace! 

Sexually 

Imma- 

CLIMATIC ture 

SITE SEASON Egg Larval | Pupal | Adult 
Honolulu, | Summer 1.5 6 | 9...) 9 
Hawaii Winter 2.5 a. b a. ae 
Orlando, | Spring 2.5 14 13 10 
Florida | Summer 1.5 10 12 8 
Fall 2 ll ll 14 
Winter 2.5 22 21 12 
El Centro, Spring 2.5 12 15 13 
California | Summer 1.5 9 12 8 
Fall 2 ll 17 15 
Winter 5 28 28 —- 
Auburn, | | Spring 4 | $8 30 13 
California | Summer 2 _ 14 13 
Fall 3 fy Mie f) [98 18 
| Winter ad Mths oi Bho, _ 











_ } Dash indicates that stage did not complete development dur- 
ing given season. 
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Fic. 2.—Build-up of progeny generations of three 
species of fruit flies under simulated Orlando, 
Florida, conditions. 
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Fic. 3.—Build-up of progeny generations of three 
species of fruit flies under simulated E] Centro, 
California, conditions. 


Table 1 illustrates the influence of sea- 
sonal temperature conditions upon the 
life cycle of the oriental fruit fly. Data are 
presented for both summer and winter 
seasons for Honolulu, and for all four sea- 
sons in simulated climates of three typi- 
cal mainland sites, namely, Orlando, El 
Centro, and Auburn. These mainland sites 
are illustrative of the range of climates be- 
ing investigated. It can be seen that in 
those sites where the seasonal conditions 
are cooler than those found in Honolulu, 
the life cycle of the oriental fruit fly has 
lengthened. The extreme result of such 
seasonal departures from the Honolulu 
climate is seen in the case of the Auburn 
winter, where no stage in the life cycle is 
able to complete its development. These 
general results are found to occur to a 
greater or lesser extent in almost all the 
simulated mainland climates. 

The ways in which typical examples of 
each of the classes of climate referred to 
above may affect the reproduction and 
build-up of subsequent generations of 
fruit flies are illustrated in figures 2 and 3. 
The weekly average temperatures and 
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humidities (horizontal bars) and the week- 
ly ranges (vertical bars) throughout the 
entire annual cycle are indicated in the 
top portions of the two figures. The week- 
ly average temperatures were determined 
as one-half the sum of the daily maxima 
and minima, while the temperature range 
was determined by the lowest daily mini- 
mum and the highest daily maximum 
reading during the week. The weekly 
average relative humidities were deter- 
mined by means of a planimeter because 
the diurnal pattern of humidity was usu- 
ally not symmetrical. The humidity range 
was determined by the lowest and the 
highest readings during the week. The 
time of appearance and the abundance 
of the generations of the three species of 
flies are shown by the silhouetted areas in 
the lower portions of the figures. As will be 
noted, the simulated Orlando conditions 
were suitable for year-round development 
of these fruit flies, whereas the simulated 
El Centro conditions were not favorable 
for uninterrupted development. 

The Orlando study (Fig. 2) was begun 
with fall conditions recorded in 1929. Par- 
ent oriental fruit flies, indicated in the fig- 
ure by the silhouette designated P, were 
introduced into the cabinet and main- 
tained for about 6 weeks, during which 
time the temperatures were quite suitable 
for reproduction and development. From 
then on the population was self-sustain- 
ing, 5 successive generations of flies (indi- 
cated by the silhouettes designated F-1 to 
F-5) being produced without interruption 
through the remainder of the annual cli- 
mate cycle. Cool average temperatures 
for December through March, which hov- 
ered about 60° F., caused some depression 
in the degree of build-up of the F-2 and 
F-3 generations, but this comparatively 
mild winter condition permitted continu- 
ous reproduction. Succeeding warmer 
spring and summer months enabled the 
F-4 and F-5 generations to reach higher 
population levels (as indicated by the 
heights of the corresponding silhouettes) 
than those attained during the winter 
months by the preceding generations. 

Under identical conditions, the Medi- 
terranean fruit fly was able to develop 
continuously and to attain 10 generations 
during the simulated year. Parents of this 
species (indicated by the silhouette des- 
ignated P) were maintained for about 14 
weeks, being removed only after the F-1 
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and F-2 progeny generations were well 
established. Those generations that de- 
veloped during the winter months were 
less numerous (as indicated by the rela- 
tive heights of the progeny silhouettes) 
than those developed in the fall, spring, 
or summer months. The periods required 
for the appearance of the successive gen- 
erations of the Mediterranean fruit fly 
were shorter throughout the year than 
those for the oriental fruit fly. 

Due to technical difficulties the Orlando 
cabinet was not stocked with mature 
adults of the melon fly until 1 month after 
the beginning of the run. Parent melon 
flies were maintained for 6 months, being 
removed only after F-3 progeny adults 
began building up. Only four generations 
of this species were produced before the 
Orlando study was terminated. The per- 
iods during which adults were present in 
each generation were a good deal longer 
than those for the other two species, prob- 
ably because of the greater longevity of 
melon fly adults. The periods between 
successive generations of the melon fly 
were likewise longer than those for the 
other two fruit flies. 

The El Centro study (Fig. 3) was 
started with fall conditions recorded in 
1951. Soon after the fruit flies were intro- 
duced into the cabinet, temperatures be- 
gan to decline, and there was only a slow 
build-up of an F-1 generation of each spe- 
cies. Winter conditions were definitely too 
cool for the oriental fruit fly, the F-1 gener- 
ation declining gradually until it was elim- 
inated in January. Adult stocks had to be 
replenished throughout the study, in con- 
trast to the situation in the Orlando cab- 
inet, where the population was self-sus- 
taining. The F-1 generation, which ma- 
tured late in the fall, was able to infest 
several fruits, but these infestations died 
out later on when they became cold- 
trapped. These immature populations are 
indicated by dashed lines and designated 
F-2 in the figure. F-1 generation progeny 
from the frequently augmented parent 
stock appeared from time to time during 
the winter and early spring seasons, but 
it was not until May, when mild weather 
again prevailed, that an appreciable build- 
up occurred. This population was soon de- 
pressed, however, when daytime tempera- 
tures began rising above 100° F., also in 
May, and caused increased adult mortal- 
ity and declines in fruit infestation. Be- 





























cause newly emerging flies were killed off 
by the high summer temperatures before 
they could develop to sexual maturity and 
there was no opportunity for further pop- 
ulation build-up, and because these le- 
thal summer temperatures were to con- 
tinue through the remainder of the annual 
climate cycle, the El Centro study was 
terminated in June. 

The El Centro climate had similar ef- 
fects on the Mediterranean fruit fly and 
the melon fly except that parent stocks of 
the latter were able to infest cucumbers 
more or less intermittently throughout the 
entire run. However, many of the infested 
fruits failed to produce adult melon flies 
during the winter season. The F-1 genera- 
tion of the Mediterranean fruit fly, like 
that of the oriental fruit fly, infested a few 
fruits in the late fall, but these popula- 
tions, also, were unable to reach maturity. 
They are represented as an F-2 immature 
generation by the dashed line (Fig. 3). 
The melon fly F-1 generation was not able 
to infest cucumbers; hence, no immature 
stages of the F-2 generation were realized. 

Table 2 gives the number of oriental 
fruit fly generations realized in one year 
in those climates simulated in the bio- 
climatic cabinets. In those cases in which 
only the fall and spring seasons were simu- 
lated (see the El Centro study, Fig. 3), the 
maximum number of generations probable 
over an entire year was estimated. The 
climatic sites are arranged in increasing 
order of number of generations. 

The periods of the year in which infesta- 


Table 2.—Successive generations of the orien- 
tal fruit fly produced in one year under various 
climatic conditions simulated in the bioclimatic 
cabinets. 














GENERATIONS 
CLIMATIC SITE PER YEAR 
El Centro, California Q 
Fresno, California a 
Riverside, California 2 
Auburn, California 3 
Charleston, South Carolina 3 
Houma, Louisiana 3 
Oceanside, California 3 
San Jose, California 3 
Vincennes, Indiana 3 
Ft. Pierce, Florida 5} 
Orlando, Florida 5 
Honolulu, Hawaii 10-12? 





1 Approximate number, a ‘ ; 
2 Estimated from insectary conditions. Generations in the 
field are affected by host-fruit abundance and other factors. 
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Fic. 4.—Periods of the year during which the ori- 

ental fruit fly, Dacus dorsalis, was able to reproduce 

in the simulated climates, as indicated by infested 
fruits. 


tions of the oriental fruit fly have been 
noted during all simulation studies com- 
pleted thus far, are summarized in figure 
4. There is close agreement between the 
severity and duration of the winter season 
in each of these localities, and the length 
of their fruit infestation periods. Vincen- 
nes, Indiana, with the coldest winter, ex- 
hibited subdevelopmental threshold tem- 
peratures for more than 5 months. At the 
other extreme, the Florida climates pro- 
vided conditions suitable for year-round 
development, and the Houma, Louisiana, 
climate was almost equally as favorable. 
El] Centro, with an unfavorable winter 
period lasting only 2} months, appeared 
to be the California site with the most 
favorable winter. 

The lowest average temperature per- 
mitting reproduction and development of 
the oriental fruit fly was 56.0° F. in the 
Vincennes, Indiana, cabinet, and 57° and 
57.5° F. in the San Jose, Fresno, and 
Oceanside, California, cabinets. These 
average temperatures were computed for 
the period of time between the day of ovi- 
position by an adult fruit fly and the day 
of emergence of progeny adults. The low- 
est average temperature permitting de- 








762 JOURNAL OF Economic ENTOMOLOGY 


Table 3.—Breakdown of simulated climates 
into number of months favorable and not favor- 
able (too cold or too hot) for oriental fruit fly 
development and reproduction. 
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Temperature 
Not Favorable 
| Maxi- 
Aver- | mum 
age | Daily 
Cimatric SITE Favor- | Below | Above 
SIMULATED able | 57°F. 100° F. 
Riverside, California 4 | 
Fresno, California 5 5 2 
El Centro, California 5 2.5 | 4.5 
Vincennes, Indiana 5.5 6.5 | 0 
Auburn, California 7 5 | 0 
San Jose, California 7 5 0 
Oceanside, California 7 5 | 0 
Charleston, South Caro- 
lina | 7 5 | O 
Houma, Louisiana | 11 | 1 0 
Fort Pierce, Florida | 12 | 0 | O 
Orlando, Florida | 12 ee 0 





velopment of the Mediterranean fruit fly 
was 56.5°. The melon fly was not able to 
complete its development when the aver- 
age temperature was below 58.5°. This 
somewhat higher threshold value for the 
melon fly appears to conflict with findings 
in the field, that this species is more active 
and better able to reproduce at lower 
temperatures than the oriental fruit fly. 
This can be explained by the fact that, at 
temperatures slightly above the threshold, 
the melon fly has a shorter life cycle than 
either of the other species and is therefore 
able to build up faster. 

Data from all simulation studies indi- 
‘ate that a winter season in which the 
average temperatures fall below 57° F. 
for more than 75 to 80 consecutive days is 
sufficient to cause infestations of all three 
fruit flies to die out. Temperatures below 
40° F., even for such short periods of time 
as 3 to 4 hours, apparently are sufficient 
to kill off most of the eggs, larvae, and 
pupae of all three fruit flies, regardless of 
the temperatures before or after such an 
exposure. 

Somewhat higher average temperature 
developmental thresholds were recorded 
in the spring, but this seemed to be be- 
cause the pronounced upward trends in 
average temperatures at this time of year 
resulted in higher average temperature 
values, rather than because of differences 
in the effects of climate on the fruit flies. 
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The lowest average spring temperature 
permitting development of the oriental 
fruit fly was 58.4° F. in the San Jose cab- 
inet. Usually, this value was above 60° F. 
for all three species in most of the climates 
studied. 

Increases in daytime temperatures 
above 95° F., such as those encountered 
in the studies with the Fresno, Riverside, 
and El Centro, California, climates, and 
with the Tempe, Arizona, climate, began 
to interfere with adult activity, and tem- 
peratures above 100° F. caused greatly 
increased adult mortality. Such tempera- 
ture peaks usually lasted only 2 or 3 hours 
out of each day and had little or no effect 
on the development of the immature 
stages of the fruit flies. 

The effect of summer temperature ex- 
tremes in preventing or depressing fruit 
fly infestations is indicated in table 3. The 
climates are ranked in increasing order 
of total suitability, with each one broken 
down into months suitable for fruit fly 
development and build-up, months too 
cold (average temperatures below 57° F.), 
and months too hot (maximum daily tem- 
peratures above 100° F.). The order of to- 
tal suitability is similar to that shown in 
figure 4, except for the changes necessary 
because of the effect of excessively hot 
summer weather provided by the climates 
of Riverside, Fresno, and El Centro. 

Discussion.—Comparison of species 
indicates that, although the Mediterra- 
nean fruit fly is able to complete its life cy- 
cle in a shorter period of time and thus to 
produce more generations in a year than 
the other two fruit fly species, it is not able 
to attain the same abundance as the other 
two species. The Mediterranean fruit fly 
developed 10 successive generations in the 
Orlando cabinet, while the oriental fruit 
fly was able to produce only 5, yet the to- 
tal progeny of the former was only slightly 
higher numerically than that of the latter. 

The Orlando, Florida, study demon- 
strated that the reproduction and de- 
velopment of the Mediterranean fruit fly 
could not have been seriously curtailed or 
interfered with by the winter temperature 
conditions of 1929-30. This was the last 
winter season that this species occurred 
in Florida after eradication procedures 
were initiated in 1929. The cabinet re- 
sults thus provide belated evidence that 
the winter was not a principal factor in the 
successful eradication program _ that 
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brought about the elimination of this pest 
from Florida by the summer of 1930. 

Although none of the species of fruit 
flies studied in the cabinets have hibernat- 
ing or resting periods enabling them to 
survive periods of unusually cold weather, 
there are conceivably at least two ways in 
which an infestation might be able to 
bridge a gap in reproduction and develop- 
ment caused by subthreshold conditions. 
Adult fruit flies confined in small, shel- 
tered cages at ecological stations at inter- 
mediate to high elevations on the islands 
of Maui and Hawaii have been able to live 
and remain gravid for more than a year 
when subjected to cool temperatures aver- 
aging below 50° F., even with minimum 
temperatures occasionally reaching 32° F. 
or slightly below.* The surviving flies were 
often completely immobile for long pe- 
riods, they consumed comparatively little 
food and water, and their metabolic ac- 
tivity was undoubtedly of a very low or- 
der. Although the percentage of individu- 
als able to remain alive for such an ex- 
tended period was small, and comparable 
longevity of adults in the completed cab- 
inet studies was not observed, a possible 
method of bridging over similar condi- 
tions should they occur in continental 
mainland areas is suggested. 

Cold periods of comparatively short 
duration might also be bridged in the pu- 
pal stage, which may be extended con- 
siderably by cool conditions (see Boden- 
heimer 1951, in the case of the Mediter- 
ranean fruit fly). Fruit flies that have 
reached the pupal stage before weekly 
average temperatures drop below 58° are 
able to complete development and emerge 
as adults as much as 75 days later, when 
temperatures once again become favora- 
ble. In one instance, live pupae were re- 
covered after 90 days’ exposure to average 
temperatures slightly below 57°. These 
results indicate that the oriental fruit fly 
is potentially able to bridge mild winter 
periods of as much as 3 months’ duration, 
provided soil temperatures do not drop 
below 32°. As in the case of overwintering 
adults, however, the percentage of indi- 
vidual pupae able to survive for such ex- 
tended periods is quite low. 

Present data from the bioclimatic stud- 
ies show rather definitely that self-sus- 
taining infestations of the three fruit fly 
species may survive winter conditions in 
all areas in continental United States in 
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which the average year exhibits no more 
than a 60-day period with an average tem- 
perature below 57° F. Roughly, this favor- 
able zone includes all of Florida south of 
the 30th parallel, the lower delta region in 
Louisiana, the lower Rio Grande Valley 
in Texas, a coastal strip along the Gulf of 
Mexico from Brownsville to Galveston, 
Texas, the Imperial Valley of California, 
and the Yuma and Lower Gila River areas 
in Arizona. 

Areas having more than a 60-day period 
but less than a 90-day period with an 
average temperature below 57° F., now 
appear to be marginal with respect to their 
suitability for fruit fly reproduction and 
the development of immature stages. De- 
velopment of the immature stages under 
these conditions seems to continue to the 
pupal stage, and most of the mortality 
occurs in this latter stage. Mature adults 
do not appear to be prevented from repro- 
ducing during such periods, but newly 
emergent adults appear to be unable to 
develop to maturity until warmer weather 
occurs. Self-sufficient populations may 
develop in some areas in this zone if the 
adult flies or pupae are able to bridge un- 
favorable winter periods or if especially 
favorable temperature cycles occur. Pe- 
riodic infestations may arise in these mar- 
ginal areas from self-sufficient infestations 
in nearby favorable areas. This marginal 
zone is a rather extensive one, which in- 
cludes an Atlantic coastal strip extending 
from the 30th parallel north to Charles- 
ton, South Carolina, other parts of Florida 
north of the 30th parallel, extensive areas 
in southern Georgia, Alabama, Mississip- 
pi, Louisiana, and Texas, the Greater Gila 
and Salt River valleys of Arizona, includ- 
ing the Phoenix area, the Death Valley 
and Coachella Valley regions in southern 
California, and the lower Colorado River 
Valley area inland as far as the southern 
tip of Nevada. 

Indications are that all other areas on 
the mainland are capable of supporting 
infestations of the three fruit fly species 
for parts of each year, but not on a con- 
tinuous or self-sustaining basis. The fact 
that most of the important fruit and vege- 
table areas in California undoubtedly fall 
within this unfavorable zone is of special 
interest. 

K. L. Maehler, C. J. Davis, R. Miyabara, and 5. Nakagawa, 


Bur. Ent. and Plant Quar., U.S.D.A., Fruit Fly Investigations, 
Honolulu, T. H. Unpublished data, 1949-1953. 
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Fic. 5.—Zones of the United States estimated to have winters most favorable (darkened areas) and margin- 

ally favorable (spotted areas) to oriental fruit fly infestation, on the basis of simulation studies completed 

prior to June 30, 1953. Present data indicate that winters in the rest of the United States (white areas) 
are too severe. 





Figure 5 illustrates the three general 
zones of potential fruit fly activity. The 
zone indicated as “‘winter conditions po- 
tentially favorable” includes all locali- 
ties in which there are 2 months of winter 
weather during which the average temper- 
ature may fall below 57°F. The northern 
boundary of the marginal zone is the locus 
of points in which there are no more than 
3 months of winter weather during which 
the average temperatures may fall below 
57°. 

The foregoing tentative classification 
has been made on the basis of the effects 
of winter climatic factors alone. It must 
be pointed out that the locations of the 
boundaries of the zones shown in figure 
5 were drawn from data collected by the 
U. S. Weather Bureau over periods of 
many years, and as such represent average 
or normal weather conditions. Were such 
zones to be bounded according to weather 
data collected for any given year, the 
areas of the zones would fluctuate accord- 





ing to whether the weather for that year 
was warmer or cooler than normal. Win- 
ters cooler than normal would cause the 
boundaries to be depressed in a southerly 
direction; contrarily, above-normal win- 
ters would cause the boundaries to be 
moved northwards and thus increase the 
area of the zones. 

Excessively hot, dry summer conditions 
in some areas may be expected to inhibit 
build-up completely or to prevent build- 
up of damaging infestations. A compre- 
hensive evaluation of mainland areas with 
respect to fruit fly hazard will be made 
when all proposed studies have been com- 
pleted. At that time these and all other 
factors related to the problem, including 
host abundanee, sequence, and continuity, 
will be given due consideration. 

SumMary.—Temperatures and relative 
humidities of 18 different climatic areas 
of the continental United States have 
been simulated in bioclimatic cabinets in 
Honolulu, Hawaii, and the responses of 
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the oriental fruit fly, Dacus dorsalis Hen- 
del, the melon fly, D. cucurbitae Coq., and 
the Mediterranean fruit fly, Ceratitis cayr- 
tata (Wied.), have been noted. The cli- 
mates studied have involved entire an- 
nual cycles and have included nine locali- 
ties in California, three in Florida, two in 
Texas, and one each in Arizona, Louisi- 
ana, Indiana, and South Carolina. 

When provided with adequate food sup- 
plies, where required, the duration of de- 
velopment of the immature stages of these 
insects, and the length of the life cycle as 
a whole, are almost completely governed 
by temperatures. Summer conditions of 
many mainland climates have permitted 
growth rates approaching those found in 
Honolulu. However, summer tempera- 
tures of the localities in the semiarid areas 
of the Southwest, such as those of Tempe, 
Arizona, and of Fresno and El Centro, 
California, are too hot for continuous 
fruit fly reproduction. Winter conditions 


in most climates studied, excepting those 
of Florida, Louisiana, and Texas sites, 
have been too cold, and have thus caused 
complete cessation of reproduction and 
development, as well as high mortalities. 

From the continuous reproduction and 
development and the steady build-up of 
successive generations, it appears that op- 
timal climatic conditions for these species 
exist in central and southern Florida, 
southern Louisiana, and southern Texas. 
It may be tentatively stated that marginal 
conditions, temperaturewise, exist in the 
narrow section lying just north of these 
optimal areas. Parts of southern Califor- 
nia appear to have optimal or marginal 
winters, but such localities have extreme 
summer temperatures that interfere with 
reproduction and subsequent adult build- 
up. These conclusions are based upon 
results to date and may be modified 
somewhat after the entire study is com- 
pleted. 
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Some Improvements in Method and Syringe Design 
in Artificial Insemination of Queen Bees 
Orro MacKENsEN, Entomology Research Branch, Agr. Res. Serv., U.S.D.A. 


Since the publication of two papers on 
artificial insemination (Mackensen & Rob- 
erts 1948, Mackensen 1948) further im- 
provements in method and syringe design 
have been made at the Southern States 
Bee Culture Laboratory, at Baton Rouge, 
Louisiana. 

THe Syrince.—The diaphragm-type 
syringe, as now constructed, is illustrated 
in figure 1. The tip and extension are made 
of plastic, either lucite or plexiglas. Other 
parts are of stainless steel instead of alum- 
inum, and the screw-plunger threads are 
larger than on the older model. 

The syringe barrel is made of 5/16-inch 
rod 42 inches long. The main cavity of 





the barrel is drilled with a No. 3 (0.213 
inch) drill to a depth of 3-3 inches and 
threaded with a }-28 tap to a depth of 1 
inch. The tip socket is made by drilling 
with a No. 7 (0.201 inch) drill to a depth 
of nearly } inch. A No. 29 (0.136 inch) 
drill is used to connect the socket with the 
main cavity. A No. 7 drill that has been 
ground almost flat at the end is used to 
drill the socket to a depth of exactly } 
inch. The socket is then threaded with a 
series of }-20 taps. The usual set of taper, 
stub, and bottoming taps cannot be used 
for this work. A special series of six taps 


1 In cooperation with Louisiana State University. 
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Fic. 1.—Section through syringe parts, showing structural details. 
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is made by grinding off the ends of taper with little chance of failure. A }-inch clear . 
taps to increasing distances so that each — lucite or plexiglas rod is used. With a 60- 
tap used makes only a small additional degree center reamer a cavity with a rim f 
cut. With a small boring tool the bottom diameter of 0.164 inch is reamed into the P 
1/16 inch of the side wall is bored out toa end. The outside is then filed down until | e 
diameter of 7/32 inch. The diaphragm fits _ the rim is 0.01 inch wide. Into the bottom 
into this enlarged portion and therefore of this cavity a hole 1 inch deep is drilled I 
does not slip out easily. with a No. 72 drill. The cavity is kept I 
The screw plunger is made of }-inch filled witha rather heavy solution of solu- 5 
rod. It is turned step by step in the chuck _ ble oil in water to serve as a lubricant and t 
of the lathe, instead of between centers, cooling agent. After each 0.025 inch of g 
beginning at the small end. The dia- drilling the drill should be withdrawn and c 
phragm plunger is } inch long and is made _ the two chips removed. If the drill is prop- 8 
of 4-inch stainless steel rod. One end is_ erly sharpened and drilling proceeds at a 
filed to a 60-degree cone to fit into the base — the right speed, there will be a single chip 
of the syringe tip. The end that makes in each flute. Chips left in the hole may “ 
contact with the screw plunger is highly cause scoring of the walls when drilling is t) 
polished, as is the end of the screw plunger resumed. si 
itself. A special drill is needed to bore the ta- a 
Originally the Roberts plastic syringe pering portion at the end of the tip. This ¥ 
tip (Mackensen & Roberts 1948) was used, is made from steel rod slightly less than c 
except that it was modified at the base by 0.025 inch in diameter. Jeweler’s broaches w 
enlargement and substitution of 4-20 ground to size have been used for this pur- 1 
threads and by providing a cavity to re- pose. One end is ground to a triangular t] 
ceive the diaphragm. The Roberts tip was point over a distance of 5/32 inch. The in 
bored first with a No. 72 (0.025 inch) drill writer prefers to use two such drills, a n 
to a depth of 1 inch and then with a No. _ rather blunt one to drill most of the cavity w 
79 (0.0145 inch) drill for an additional 0.1 and a fine-pointed one for finishing. The al 
inch. The last section was then heated drilling is accomplished by twirling the ol 
and drawn to an inside diameter of less drills between thumb and forefinger. re 
than 0.008 inch at the smallest point and After the threads are cut, the reduced p 
cut back to 0.008 inch. The outside was portion is turned and filed to very near in 
filed down to 0.012 inch or less. This the final size and shape before it is re- ni 
method often failed to produce a good tip. moved from the lathe. The point is cut th 
The drawing was a rather difficult opera- back with a file to an inside diameter of ql 
tion and sometimes caused a fibrous struc- 0.006 inch measured with a micrometer ql 
ture which will split. eyepiece under a compound microscope () 


The tip here described can be made at 60X magnification. The outside di- 

















ameter is reduced to 0.010 inch by filing. 
The last operation is done with the aid of 
a stereoscopic microscope, and the meas- 
urements are made with a micrometer. 
The body of the tip is buffed with a plas- 
tic polishing compound, and the point is 
smoothed by twirling on a finger or a 
piece of suede leather rubbed with this 
compound, Although the opening at the 
end of this tip is small, immediate enlarge- 
ment inside the opening reduces friction 
to a minimum so that semen is taken up 
at least as easily as with the older type of 
tip. 

Diaphragms are 7/32 inch in diameter 
and are cut with a punch from sheet rub- 
ber about 1/16 inch thick. Heavy rubber 
bands from office supply stores are usually 
satisfactory material. 

A syringe extension has been added 
which is useful for making individual mat- 
ings. Its construction is illustrated in 
figure 1. There must be several extensions 
and a tip to use with each of them. Each 
extension has its own diaphragm. The dia- 
phragm in the syringe is removed and the 
plunger replaced with one that is 1 inch 
long. The tips are filled with water and 
screwed into the extensions. Then a fresh 
tip and extension is screwed into the 
syringe for each mating. The entire lot 
can be sterilized and rinsed at once, or 
simply rinsed and allowed to dry if they 
are not to be used again immediately. 

CARE OF QuUEENS.—As the bee-breeding 
work expanded, requiring the insemina- 
tion of increasing numbers of queens, con- 
stant effort was made to reduce the 
amount of handling. Formerly queens 
were given freedom in the nuclei and 
caught whenever needed. Recently caging 
within the nucleus has been found very 
satisfactory. After they are marked and 
their wings clipped, the queens are placed 
in screen cages that are hung in the brood 
nest of the nuclei. The cages have long 
wooden stoppers with strips of aluminum 
attached on which the queen number and 
other records can be kept. Old records are 
removed from the aluminum with sand- 
paper. Queens are released after the last 
insemination—simply dropped into the 
nucleus or, if conditions are unfavorable, 
the stopper is replaced with a mass of 
queen candy so that the bees release the 
queen later when they have become quiet. 
(Queen cells that develop while the queen 
is caged must be destroyed. 
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When virgins are to be selected for color 
or other characteristics, they are allowed 
to emerge in an incubator and only those 
desired are caged and placed in nuclei. By 
the time they are inseminated they have 
remained caged long enough to be proper- 
ly introduced to the bees. 

CarE OF Drones.—A simple way to 
assure the identity of drones is to confine 
them to a hive with an excluder over the 
entrance. However, large numbers kept in 
this way crowd the entrance during the 
afternoons so that worker bees have dif- 
ficulty in carrying out their field work and 
the colony is likely to smother. To correct 
this situation a special bottom board has 
been devised which uses a full-size ex- 
cluder in such a way that drones have an 
entrance above the excluder and worker 
bees have access to an additional entrance 
below. When the upper entrance is 
crowded with drones trying to leave the 
hive, the worker bees can pass through 
the rear of the large excluder to reach the 
lower entrance. 

Drones kept in this way are very active 
and evidently healthy when they first try 
to leave the hive. As they age they become 
more sluggish, and finally they hold their 
wings at a greater angle from the axis of 
the body than normal and appear sick. 
Many queens inseminated with old drones 
do not start laying even though they live 
for some time. Often they become slug- 
gish and bloated before they die. The 
symptoms sometimes appear even when 
apparently normal drones are used. No- 
sema disease does not seem to be the 
cause. It is therefore important that con- 
fined drones be used as soon as possible, 
preferably within a week or 10 days after 
they first try to leave the hive. The seri- 
ousness of the ailment is illustrated by re- 
sults obtained in 1951. Of 500 queens in- 
seminated by free-flying drones 82 per 
cent started laying, but in a group of 68 
queens inseminated by confined drones 
only 44 per cent survived to the beginning 
of egg laying. The difficulty was never en- 
countered when drones that had freedom 
of flight throughout their life were used 
and were caught at entrances as they re- 
turned from the field regardless of age. 

In 1952 and 1953 drones returning from 
the field were used exclusively and insem- 
ination results have been unusually satis- 
factory. In this method drones are han- 
dled as follows: Just before they begin to 
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emerge, the comb is placed in an excluder 
cage and hung in the brood nest of a 
queen-right colony near the queen yard. 
Early each morning, when no drones are 
flying, the cage is removed, and bees and 
drones are brushed from the outside and 
carried a short distance from the hive, 
where the comb is removed. The drones 
that have emerged are marked with a spot 
of color on the thorax while they remain 
on the comb. A piece of wire about 1/16 
inch in diameter is used as an applicator 
and 4 to 5 drones are marked after each 
dip into the supply bottle. Young drones 
are sluggish and easily marked as they 
walk slowly on the comb. 





Drones to be used in insemination are 
caught at the entrance as they return 
from the field and placed in screen cages 
in groups of 50 with at least twice that 
number of worker bees. They may he 
taken directly from the combs, but return- 
ing drones are preferred. They are either 
used immediately or stored in any conven- 
ient colony or nucleus in the queen yard 
by placing the cages between combs of 
brood so that bees cluster around them. 
They can also be kept in the laboratory 
if fed sugar sirup or honey. Usually drones 
are not stored in this way longer than 2 
days. 
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Codling Moth Control Experiments, 1950-1953} 


D. W. Hamitton, S. A. SuMMERLAND, and J. E. Fanry, Entomology Research Branch, 
Agr. Res. Serv., U.S.D.A. 


In general, control of the codling moth, 
Carpocapsa pomonella (L.), has been high- 
ly satisfactory since DDT came into gen- 
eral use in 1946. However, there was some 
increase in codling moth injury in the 
Middle West in both 1952 and 1953. No 
single reason for this increase has been 
determined, but possible contributing fac- 
tors include (1) the development of resist- 
ance of the codling moth to DDT, (2) the 
occurrence of more favorable weather con- 
ditions for codling moth development, (3) 
the change to less efficient spray equip- 
ment, (4) the use of inferior DDT formu- 
lations, and (5) the use of combinations of 
insecticides or insecticides and fungicides 
that reduce the effectiveness of DDT. 
Studies have been continued to find addi- 
tional insecticides that can be used for 
codling moth control. The results of in- 
vestigations conducted near Vincennes, 
Ind., since 1950 are presented herein. 

Meruops.—The field-laboratory meth- 
od was used in obtaining many of the 
data. This method consists in spraying 
trees in the orchard in the conventional 
manner, removing fruit samples at de- 
sired intervals, and infesting them in the 


laboratory where temperature and humid- 
ity are controlled. Sixty apples were used 
for each test, and 10 larvae less than 3- 
hour old were placed on each apple. 

Field-plot experiments used to supple- 
ment these tests gave less conclusive re- 
sults because of light and irregular infes- 
tations and other uncontrolled factors. 
Generally one- or two-tree plots, repli- 
cated three to five times, were used for 
each treatment. 

Since the field-laboratory method is not 
designed to measure the effect of the ex- 
perimental materials on eggs or adults of 
the codling moth, additional laboratory 
tests were conducted. To measure ovicidal 
effectiveness, eggs deposited on cellophane 
were pinned to apples, and the insecti- 
cides were then applied to them with a 
power sprayer operated at 300 pounds’ 
pressure. Between 100 and 200 eggs were 
sprayed with each insecticide. 

Two types of tests were made with the 
adult moths. In one type screen cages 
were dipped in spray solutions and al- 
lowed to dry; when the residue was fresh 


1 Presented at the Annual Meeting of the Entomological 
Society of America held at Los Angeles, Calif., Dec. 7-10, 1953. 
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and twice at intervals thereafter, moths 
were exposed in the cages for 1 hour and 
then removed to clean cages. In other 
tests moths were sprayed with insecti- 
cides while confined in screen cages and 
immediately removed to clean cages; the 
sprays were applied with a paint-type 
sprayer. Approximately 60 moths were 
used per cage for each treatment. 

DDT Resistance IN THE CODLING 
Mornu.—In 1952 overwintering codling 
moth larvae were collected from three 
isolated orchards after the general in- 
crease in activity. All the larvae were 
handled in a similar manner. Pertinent re- 
cent spray history of these orchards is as 
follows: (1) Smith orchard, Odon, Ind., 
lightly sprayed and no DDT used at any 
time; (2) Hale orchard, Omaha, IIl., mod- 
erately sprayed and DDT used since 1947; 
and (3) MeCollom orchard, Henderson, 
Ky., heavily sprayed and DDT used in 
large-scale experiments since 1945. Para- 
thion has also been used heavily in the 
MeCollom orchard since 1949. It was an- 
ticipated that resistance to DDT, if pres- 
ent in this area, would be most likely to be 
evident in the McCollom strain of larvae, 
and might possibly be present in the Hale 
strain. The Smith strain served as the 
basis for comparison. 

Two series of laboratory tests were 
made—one immediately after the apples 
had been sprayed with a 50-per cent DDT 
wettable powder used at 3? pound to 100 
gallons of water, and the second a week 
later. The DDT deposits averaged 3.2 
micrograms per square centimeter imme- 
diately after application, less than is gen- 
erally needed for effective control, and 2.8 
micrograms a week later. The Smith 
strain was less vigorous than the other 
two, as indicated in table 1 by the low 
percentage of successful entries in un- 
sprayed fruit. However, all strains were 
about equally and readily killed by the 


Table 1.—Effect of DDT on codling moth lar- 
vae, 1953. 








; Per Cent oF Fro IT WITH ENTRIES 
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1 Week After 
Applic ation 


Ieee diate 7 ‘After 
__Appli ication | 








| Re duction | Reduction 

Unsprayed | jn Sprayed Unsprayed | | in Sprayed 
OrcHARD Fruit) | Fruit | Fruit | Fruit 
Smith 46.7 | 96.8 | 45.3 | 88.5 
Hale 78.7 | 94.38 77.3 69.9 
McCollom {| 73.0 | 95.9 | 68.7 81.8 
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Table 2.—Mean temperatures and rainfall at 
Vincennes, Ind., 1950-53. 








| TEMPERATURE (°F.) | RAINFALL (INCHES) 





Year| May June July August) May June July August 





1950 | 66.4 72.2 75.0 72.4 | 5.15 4.22 3.48 2.39 
1951 | 66.5 72.1 77.0 75.2 | 2.45 4.30 5.01 $3.97 
1952 66.4 81.3 80.5 77.7 | 2.36 3.21 5.20 2.08 
1953 | 67.1 80.0 79.6 77.9 | 3.59 2.82 1.38 1.138 





fresh DDT deposits, and after a week the 
reductions in entries varied so widely that 
it appeared probable that factors other 
than resistance to DDT might have been 
involved. None of the strains seemed to 
have developed resistance to DDT. 

OruerR Factors THAT MAY AFFECT 
Controu.—The codling moth is common- 
ly most troublesome in hot, dry weather, 
provided mean temperatures do not ex- 
ceed about 85° F. (such a temperature 
generally indicates a maximum of 100° or 
higher). Temperatures and rainfall for the 
months in which the codling moth is ac- 
tive at Vincennes for the years 1950 
through 1953 are given in table 2. The 
data show clearly that both temperature 
and rainfall were markedly more favor- 
able in 1952 and 1953 than in 1950 and 
1951 and that the rainfall was more favor- 
able in 1953 than in 1952. The weather 
conditions could therefore account for 
some of the increase in injured fruit in the 
last 2 years. 

Each year since DDT came into use 
more growers have been changing from 
high-gallonage, water-borne sprays to low- 
gallonage, air-borne sprays. This is done 
despite the fact that chemical analyses 
have shown that insecticides applied with 
air-blast sprayers leave more irregular and 
smaller deposits. For example, in 1952 
Turley apples sprayed nine times with the 
low-gallonage 6X concentrate averaged 
23.4 worm holes to 100 apples as com- 
pared with 2.2 worm holes in fruit on ad- 
jacent trees sprayed on the same schedule 
with a high-gallonage spray. Obviously, 
then, the shift in the method of applica- 
tion could well account for some of the re- 
cent increases in codling moth injury. 

Adjuvants and other pesticides included 
in the spray also affect the DDT deposit, 
and therefore the degree of codling moth 
control obtained. For example, in 1952 
Golden Delicious apples in field plots that 
were sprayed with different formulations 
containing 2 pounds of 50-per cent DDT 
per 100 gallons showed the following DDT 
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Table 3.—Effect of various insecticides on codling moth larvae, field-laboratory experiments, 


1950-53. 
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INSECTICIDE 


DDT WP 50% 
WP 75% 


WP 50% 


Parathion WP 15% 


EPN WP 25% 


Malathion WP 25% 


wm. 50% 

Em, 50% 
Metacide Em 50% 
Diazinon? WP 25% 


Diethoxyphosphinothioyl 
ethyl ethylphosphonate 
25% Em. 


CS-708, Em 25% 


WP 25% | 


CS-728,4 Em 25% 
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. Table 3.—Continued. 
- l ] 
| | Days RESIDUES? Per Cent 
QUANTITY PER | AFTER (u PER Sq. REDUCTION 
INSECTICIDE 100 GALLONS YEAR! | SPRAYING | Cm.) IN ENTRIES 
. CS-589,5 Em 25% 3 pt. 1952 | ll 3.1 87.9 
| 1.2 33.2 
Q.137, WP 50% 2 Ib. 1950 | 0 | 1.5 83.5 
14 7 33.5 
| 20 | ik 41.0 
Endrin Em 6% 2 qt. 1951 12 | 2.4 59.2 
0 4.0 87.4 
| | Mero) | Sa 63.5 
Isodrin Em 6.5% 2 qt. | 1951 | 0 2.0 84.6 
13 7 68.6 
Methoxychlor WP 50% 2 Ib. 1952 | 0 10.7 92.8 
1} 1.0 98.6 
Strobane® WP 509 2 |b. 1953 0 4.3 25.0 
7 2.3 0 
Ryania WP 96% 6 |b. | 1953 | 0 - 88.4 
7 89.2 
Ryania WP 96%-+ oil 6 lb.+2 qt. 1953 0 90.3 
7 87.0 
CS-708, 25% +parathion 1.5 |b. 1952 0 1.7+0.19 98.8 
WP 3% 11 .6+ .03 91.3 
CS-708, 25% +parathion 1 Ib. 1953 0 +.1 95.1 
WP 30, és 1.6 55.8 
DDT 2 ied arathion 2.5 lb. 1951 0 9.1+1.03 99.5 
WP: 13 4.7+ .21 98.3 
Lead arsenate 3 Ib. 1951 12 $3.7 
0 57.2 
} 13 52.2 
Per CENT OF 
LARVAE 
MAKING 
ENTRIES 
Unsprayed (check) 1950 0 60.7 
14 67.2 
20 60.7 
1951 12 63.8 
0 65.0 
13 69.5 
1952 0 41.5 
} 11 36.7 
1953 0 64.7 
| 7 60.0 





chlorine. 
3 0,0-Diethy] O-(2-isopropy!-6-methyl-4-pyrimidinyl) thiophosphate. 
4 1-p-C hlorophe ¢nyl-2-nitro-1-pheny Ibutane. 

5 1-(p-C hlorophenyl) -2 -nitro-1-(p- tolyl)- -propane, 

6 Chlorinated mixture of a-pinene isomers. 








1 Data for 1951 are for samples taken 12 days after the fifth cover and immediately and 13 days after the sixth cover spray. 
2 Residues of Metacide were determined as parathion and of the chlorinated hydrocarbon insecticides, except DDT, 


as organic 
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Table 4.—Effect of various insecticides on codling moths, field experiments, 1950-52. 
| N _— NUMBER OF 
QUANTITY PER Harvest Resipvues Worm Hoes 
INSECTICIDE 100 Gations TESTS (PP P.M. ) PER 100 APPLES 
DDT 0.75-1 Ib. io 8 2.6 -9.4 0.3-3.3 
Parathion 3.6 oz. 4 0.08-0.19 1.3-5.3 
EPN 0.25 Ib. 3 0.18-0.03 0.3-4.8 
CS-708 12-18 oz. 5 0.2 -6.4 0.2-2.9 
Q-137 0.75-1 lb. 1 0.2! 6.( 
Nicotine sulfate +bentonite | 6.4 02.+8 lb. 1 - 0.6 
Malathion 0.75 Ib. 2 0-0. 14 +.5-6.4 
Endrin 3.8 oz. l 1.4! 26.9 
Methoxychlor 1.25 lb. 1 8.0 
Lead arsenate 46.1 oz. 4 0.6-41.6 
DDT-+ parathion 10-12 0z.+1.2 oz. 3 4.0-6.8+0.4-0.8 0.1-1.6 
DDT+EPN 12 oz.+1 oz. 2 3 .6-3 .9+0.09-0.13 0-1.3 
Unsprayed (check) — 3 43 .0-143 .3 





1 Organic chlorine. 


deposits from applications made on Au- 
gust 4: 


Material added to DDT spray P.p.m. 
Alone. . 19.3 
Captan 1 Ib...... 18.9 
2-Heptadecyl glyoxaladine 

acetate (34%) 1 qt. and lime 2 oz.. 20.9 
Alkyl dimethyl ammonium 
chloride (50%) } pt.. 13.1 


The formulation containing alkyl dimethyl 
ammonium chloride had an adverse effect 
on the quantity of DDT deposited Indi- 
cations were that it contained an excessive 
amount of wetting agent. 

ComPARISON OF Various INSECTI- 
cipEs.—The results of tests with numer- 
ous organic insecticides by the field-labo- 
ratory method are given in table 3, and of 
the supplementary field tests in table 4. 
Parathion, EPN, Diazinon, Metacide, 
CS-708, methoxychlor, and ryania are 
shown to be promising materials for use 
in codling moth control. Malathion is also 
moderately effective. The other materials 
tested offer little promise. 

In the tests against eggs and adults 
(Tables 5-7) demeton, Potasan, and TEPP 
were found to have some value, but less 
than parathion. 

DDT generally gives satisfactory reduc- 
tion of larval entries provided a deposit of 
7.5 micrograms per square centimeter is 
maintained. Prolonged weathering or fail- 
ure to maintain this deposit generally re- 
sults in poor control. DDT is not very ef- 
fective against eggs or young larvae in the 
fruit at the time of application but is 
moderately effective against the moths. 


Parathion is especially effective when 
first applied. Fahey et al. (1952) have 
shown that parathion residues break 
down rapidly. This is a weakness in a field 
program designed to maintain control 
throughout a long growing season. Fruit 
is particularly vulnerable during a long 


Table 5.—Effect of several insecticides on cod- 
ling moth eggs, February 1952. 

















| Scniuate | Per Cr: ENT 
PER 100 | Repuc- 
INSECTICIDE GALLONS | TION 
Parathion WP 25% 5 oz. 91.6 
8 oz. 91.8 
} ] lb. 91.3 
EPN WP 25% 5 oz. Pe 
8 oz. | 0 
1 tb. | 0 
Potasan! WP 25% 5 oz. 16.6 
8 oz. 37. 
| 1. Ib. 78.4 
Malathion WP 25% | 5 of. 53.7 
| 8 OZ. 51.1 
1 Ib. 80.0 
Metacide WP 338% | $.8 oz. 98 .0 
6 0%. 91.6 
| 12 og. 97 .2 
TEPP Em 40% | S$ og. 38.4 
| 5 of. 48.8 
10. oz. 70.1 
CS-708, WP 25% | 8 bb. 0 
| 19.7 
6.5 
DDT WP 50% 2 |b. | 7.8 
| 26.3 
| 22.5 
DDT 25%-+ parathion 2.5\lb. | 89.¢ 
WP 3% | 90.8 
Demeton Em 82% 3.8 oz. 77.4 
| 4 oz. 89.0 
77.3 





1 4-Methylumbelliferone 0,0-diethyl thiophosphate. 








/ 
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period without applications, as occurs be- 
tween broods and while the third brood 
is active prior to harvest. Laboratory 
tests show that parathion is especially ef- 
fective against eggs and adults (Tables 5— 
7). It also kills a very high percentage of 
the larvae that entered fruit up to 4 days 
before its application (Table 8). 
Parathion is thus a valuable supple- 
ment to DDT in the codling moth control 
program. A combination of the two ma- 
terials is more effective than either mate- 
rial alone (Tables 3 and 4). The quantity 
of parathion needed for effective control 
has not been determined. However, in 1951 
good control was obtained with 0.25 mi- 
crogram but not with 0.20 microgram per 
square centimeter. In 1953 deposits of 
0.53 and 0.16 micrograms in combination 
with less than 3 micrograms of DDT 
maintained effective codling moth con- 
trol. At the present time combinations of 
DDT and parathion are considered the 
most practical treatments for controlling 
the codling moth in the Midwest except 
on yellow varieties. Parathion increases 


Table 6.—Effect of various insecticides on cod- 
ling moth adults placed in cages that had been 
dipped in the insecticides, 1952. 








Per Cent Mor- 


Quantity} AGE OF TALITY AFTER— 








PER 100 | Resiwve |- 
INSECTICIDE Gatuions; (Days) | 24 Hours | 48 Hours 
Parathion 25% 8 oz. Fresh 98.1 100 
2 23.8 95.2 
5 25.4 93.2 
EPN 25% 8 oz. Fresh 79.7 100 
2 9.4 71.7 
5 24.5 56.6 
Potasan 25% 8 oz. Fresh 16.1 92.9 
2 10.6 51.1 
Malathion 25% 8 oz. Fresh 100 oo 
2 48.9 87.2 
5 12.7 74.6 
Metacide 33% 6 oz. Fresh 96.5 100 
2 2.0 42.9 
5 17.2 54.7 
TEPP 40% 5 of. Fresh 53.8 76.7 
2 2.4 31.0 
Demeton 32% 4 oz, Fresh 9.7 64.5 
2 0 $1.1 
DDT 25%-+para- | 2.5 lb. Fresh 76.4 100 
thion WP 3% 2 25.0 77.3 
5 17.8 75.6 
DDT 50% 2 Ib. Fresh 47.3 78.2 
2 16.0 50.0 
5 20.7 66.0 
CS-708, 25% 3 Ib. Fresh 3.4 39.1 
2 14.0 59.6 
Water (check) Fresh 10.5 59.6 
2 17.0 68.1 
5 Bi3 74.6 
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Table 7.—Effect of various insecticies applied 
as sprays on codling moth adults, 1952. 

















Per Cent Mor- 
TALITY AFTER— 
QUANTITY 
PER 100 24 48 
INSECTICIDE Gattons| Hours | Hours 
Parathion 25% 8 oz.| 70.0 100 
1 lb. 77.0 100 
EPN 25% 8 oz.| 4.9 95.1 
1 lb. 11.8 92.6 
Potasan 25% 8 oz. 4.8 100 
1 Ib. 20.5 97.4 
Malathion 25% 8 on | 75.6 100 
1 bb. 80.8 100 
Metacide 38% 6 oz. | 100 _ 
12 oz. | 100 ome 
TEPP 40% 5 oz. | 66.7 97.9 
10 oz. 42.1 93.0 
Demeton 32% 4 oz.| 70.6 100 
93.7 100 
DDT 25%+para- | 2.5lb. | 29.8 100 
thion WP 3% 68.8 | 100 
DDT 50% 2 Ib. | 11.8 96.1 
14.3 66.7 
CS-708, 25% 3 Ib. 12.0 86.0 
18.3 75.0 
Water (check) 7.0 93.0 
10.2 74.6 











the russeting of such varieties under cer- 
tain conditions, especially early in the sea- 
son. 

EPN deposits weather more slowly 
than do those of parathion, and this ma- 
terial maintains a high larvicidal efficiency 
for 8 to 10 days. The ovicidal efficiency of 
EPN is poor. Against the adults and 
against larvae in the fruit it is more effec- 
tive than DDT but less so than parathion. 
EPN aggravates russet on yellow varie- 
ties of apples, much as does parathion. 

Malathion has a high larvicidal effi- 
ciency when first applied, but it weathers 


Table 8.—Effect of several insecticides on 2- to 
4-day-old codling moth larvae in apples, 1951. 














QUANTITY 

PER 100 Per CENT 

INSECTICIDE Gauuons | Morrauity 
Parathion WP 25% 4 oz. 79.4 
8 oz. 93.2 
EPN WP 25% 8 oz. 59.9 
Metacide Em 33% 8 oz. 90.5 
Potasan WP 25% 8 oz. 82.7 
Malathion WP 25% 8 oz. 59.6 
DDT WP 50% 2 |b. | 23.4 
CS-708, WP 25% 4 lb. 30.9 
Endrin Em 6% 2 qt. 38.2 
Isodrin Em 6.5% 2 qt. | 49.9 
Unsprayed (check) — 16.9 
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Table 9.—Tests of synergists with DDT for codling moth control, 1953. 


























IMMEDIATELY | Arter 7 Days 
Per Cent | | Per Cent 
| DDT Residues | Reduction | DDT Residues | Reduction 
FORMULATION PER 100 GALLONS (u per sq. cm.) | in Entries | (u per sq. cm.) in Entries 
DDT Em. 25%, 24 oz. 2.9 89.8 1.9 38.1 
DDT 25% plus DMC Em. 5%, 24 02. | 2.6 94.8 2.1 41.1 
DMC Em. 25%, 5 oz. — 12.5 — | 17.3 
DDT WP 50%, 12 o2. 3.2 94.2 2.5 74.5 
DDT WP 50%, 12 oz. Comp. 876 | 
WP 50%, 2.4 oz. 2.9 97.2 1.8 81.8 
Comp. 876, WP 50%, 2.4 oz. : 6.7 vr | 0 
DDT WP 50%, 12 oz. Parathion WP | | 
15%, 8 oz. 4.4 100 | 2.9 95.3 
Per cent of larvae making entries in 
63.8 53.8 


unsprayed apples (check) 





rapidly with consequent loss in efficiency. 
Control in field plots sprayed with mala- 
thion has been only fair. Malathion is ef- 
fective against moths and eggs, and 
against young larvae within the fruit, but 
less so than parathion. Malathion does 
not russet yellow varieties as much as 
parathion or EPN. Metacide compares 
favorably with parathion and could be 
substituted for it. However, it causes se- 
vere russet on yellow varieties. 

Other promising materials have some 
disadvantages or have not yet been tested 
sufficiently to justify their recommenda- 
tion. Methoxychlor is less effective than 
DDT under midwestern conditions and 
adversely affects the finish of the Golden 
Delicious variety more than DDT. CS- 
708, previously reported on favorably 
(Hamilton et al. 1952), was less effective 
in 1953, possibly because an old material 
was used to prepare the formulation 
tested. Diazinon and ryania are promising 
but require further testing. 

Syneraists FoR DDT.—Work by 
March et al. (1952) showing that DMC 
and compound 876? (1,1-bis(p-chloro- 
phenyl)-2-propyn-l-ol) have synergistic 
value when used with DDT against DDT- 
resistant house flies suggested tests with 
these materials for codling moth control. 
Accordingly, in 1953 laboratory-field tests 
were made with these combinations. Ta- 
ble 9 shows that the prospective syner- 
gists themselves had little value for cod- 
ling moth control at the strengths em- 
ployed, and that they failed to demon- 
strate any synergistic effect with DDT 
against this insect. A greater improve- 
ment in control was obtained by the addi- 


tion of parathion to the DDT spray. Par- 
athion is not considered as a synergist for 
DDT, however, since it is highly effective 
when used by itself to control this insect. 

SuMMARY.—Experiments for the con- 
trol of the codling moth, Carpocapsa 
pomonella (L.), carried on at Vincennes, 
Ind., from 1950 through 1953 are reported 
in this paper. 

Laboratory tests of DDT against three 
strains of codling moth larvae with dif- 
ferent histories of exposure to DDT did 
not indicate that any of them had devel- 
oped resistance. However weather favora- 
ble for codling moth activity, inadequate 
coverage with low-gallonage sprays, and 
possible reduction in DDT deposits ow- 
ing to spray combinations employed may 
have contributed to the increase in injury 
in 1952 and 1953 over that in 1951 and 
1952. 

DDT, parathion, EPN, Diazinon, Meta- 
cide, CS-708, methoxychlor, and ryania 
were the most promising materials for use 
in codling moth control. Parathion and 
Metacide were especially effective in killing 
eggs, young larvae in the fruit, and adults, 
but they weather too rapidly to be entirely 
suitable substitutes for DDT against the 
larvae. Control with DDT was high when 
the deposit on the fruit was maintained 
at 7.5 micrograms per square centimeter. 
In orchards the best control has been ob- 
tained with a combination of DDT and 
parathion. Addition of DMC and com- 
pound 876 increased very little the larvi- 
cidal efficiency of DDT against the cod- 
ling moth. 


1,1-bis(p-chloropheny])-2-propyn-1l-ol produced by General 
Chemical Co. 
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Seasonal Fluctuations of the Green Peach and Turnip 
Aphids on Commercial Greens Crops in Oklahoma! 
R. R. Watton? 


The production of spinach, mustard, 
turnips, kale, and radishes is an impor- 
tant industry in the Arkansas River Val- 
ley area of Oklahoma and Arkansas. Aph- 
ids are usually the most serious insect 
pests of these greens crops in Oklahoma. 
The presence of living host plants 
throughout the year, and the type of cli- 
matic conditions existing during the fall, 
winter and spring, when these crops are 
grown, cause certain aphid species to be 
particularly well adapted to the environ- 
ment. This paper gives the results of stud- 
ies on the seasonal population trends of 
two species of aphids on these vegetable 
greens crops and on their occurrence on 
certain crop and weed species. The inves- 
tigation, begun in the spring of 1946, was 
continued through 1951. The green peach 
aphid, Myzus persicae (Sulz.), was the 
only species occurring in injurious num- 
bers on spinach. The turnip aphid, Rho- 
palostphum pseudobrassicae (Davis), was 
found on spinach a number of times, but 
it was not observed to establish colonies 
there. Both species infested the crucifer- 
ous crops; but, in all cases observed, the 
turnip aphid was the dominant species on 
these crops. 

Patch (1938) and Essig (1948) reported 
351 species and varieties of plants, belong- 
ing to 68 different families, as being hosts 
of the green peach aphid. Taylor (1908) 
studied the biology and seasonal develop- 
ment of the species in Colorado, and Hors- 
fall (1924) made similar observations in 
Pennsylvania. Patch (1925) concluded the 
peach tree was the true overwintering 
host, and Davis & Landis (1951) found 
that the presence of peach trees in the po- 
tato growing districts was associated with 
early infestations on potatoes. Rhopalo- 





stphum pseudobrassicae has a much more 
restricted list of host plants than Myzus 
persicae. Patch (1938) listed 26 species of 
food plants belonging to five families; 20 
of the 26 were crucifers. Essig (1948) re- 
ported 30 species and varieties of hosts in 
California. Harrison & Allen (1943) re- 
ported the highest populations occurred 
in Louisiana during November to March, 
and very low populations were found dur- 
ing the summer months. In Northern 
Texas, Paddock (1915) reported repro- 
duction was suppressed for several days 
or weeks during periods of sub-freezing 
temperature and that aphids were difficult 
to find during the summer months. Hors- 
fall (1924) and Broadbent & Hollings 
(1951) found that temperature was a very 
important influence on the seasonal abun- 
dance of the aphid species concerned in 
this investigation. 
Mernops.—Information on the sea- 
sonal fluctuation of aphid populations was 
obtained by three types of records: (1) 
counts of aphids at intervals of 5 to 17 
days on leaves from four stations in each 
of five fields of greens crops during two 
seasons (Figures 1 and 2); (2) counts and 
estimates of aphids at irregular times dur- 
ing four seasons in 36 fields of greens crops 
in the vicinity of Bixby, Oklahoma (‘Ta- 
bles 1 and 2); and (3) collection records 
from host plants other than greens crops. 
In No. 2 peak populations were classed 
as: “Very light,” less than one aphid per 
leaf; “light,” from one to 10 aphids per 
leaf; “moderate,” from 11 to 25 aphids 
per leaf; and “heavy,” more than 25 


1 A portion of a thesis submitted in partial satisfaction of the 
requirements for the degree of Doctor of Philosophy, Oklahoma 
A. and M. College. 

ree Professor of Entomology, Oklahoma A. and M. 
College. 
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Fic. 1.—Population trends of green peach aphid on fall, “carry-over” and spring spinach crops, 
Vegetable Research Station, Bixby, 1949-51. 


aphids per leaf. In No. 3 host plant rec- 
ords were made from cultivated crops, 
weeds, and a few ornamental species. 
These were made at irregular intervals 
and largely incidental to other phases of 
the investigations. Collections were re- 
corded only when aphid colonies were ob- 
served. 

Resutts.—Suitable food plants of the 
green peach aphid were usually available 
during the entire year and those of the 
turnip aphid were present except during 
the winter months. No eggs or sexual 
stages were observed during the investiga- 
tion. Coccinellid larvae and adults and 
parasitic wasps of the genus Aphidius ap- 


peared to be the most important entomo- 
phagous enemies in greens fields during 
the period of the investigation. Syrphid 
and Chrysopid larvae were occasionally 
very effective against aphids but usually 
occurred less frequently. Because of un- 
favorably low temperatures during much 
of the greens crop season enemy popula- 
tions usually lagged well behind aphid 
trends and in few cases did they reduce 
the infestation to a level where the crop 
was accepted by the canners. Few quanti- 
tative measurements were made, but it 
appeared that enemy populations could 
infrequently be correlated with aphid fluc- 
tuations. Temperature, acting directly on 


Table 1.—Estimated intensity and occurrence of peak populations of the green peach aphid on spin- 


ach at different seasons. Bixby, Okla. 





























NUMBER 
Frecps Fait Crop “Carry-Over ’ Crop Sprine Crop 
ExamM- ———————— —— - a= -—- 

YEAR INED Intensity! Occurrence Intensity Occurrence Intensity Occurrence 
1945-46 1 - — heavy late March moderate early April 
1946-47 3 light — light early April light early May 
1947-48 5 very light late November very light early April very light early May 
1948-49 2 light early December __ light late March moderate early May 
1949-50 5 light mid-November moderate mid-March moderate early May 
1950-51 6 light mid-December heavy mid-March heavy late April 





1 Very light, less than one aphid per leaf; light, from 1 to 10 aphids per leaf; moderate, from 11 to 25 aphids per leaf; and heavy, 
more than 25 aphids per leaf. 
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Fig. 2.—Population trends of turnip aphid on fall and spring curled mustard crops, Bixby, 1949-1951 


aphid life processes and also indirectly on 
the enemy population, appeared to be the 
most important influence on aphid infes- 
tations. 

Green peach aphid on spinach.—The 
population trends of the green peach aph- 
id in a field on the Vegetable Research 
Station at Bixby were basically similar 
during the two spinach growing seasons 
extending from October, 1949 to May, 
1950 and from October, 1950 to May, 1951 
(Figure 1). Beginning in early October, 
the infestation in the fall crop each year 
approached a moderate level in November 
or early December. On the “carry-over” 
or winter crop, aphid populations in- 
creased in December and January but by 
sarly February were again at a very low 


level. As the mean temperatures rose in 
February and March the population in- 
creased until late March. Infestations of 
the spring crop appeared in early March 
and increased until late April or early 
May. Infestations during the spring were 
significantly higher than those in the fall 
or winter Predators and parasites were ef- 
fective in reducing aphid infestations dur- 
ing May in both years. 

Although basically similar, there were 
certain differences in the aphid population 
trends between the 2 years (Figure 1). In 
1949-50 the level was never above two 
aphids per leaf in December and was al- 
most at the zero point during January. In 
1950-51, on the contrary, the population 
level began to rise after mid-December 


Table 2.—Estimated intensity and occurrence of peak populations of the turnip aphid on fall and 


spring crops of crucifers. Bixby, Okla. 

















NUMBER Fai Crop Sprinc Crop 
Fre.ps en 
YEAR EXAMINED Intensity! Occurrence Intensity Occurrence 
1947-48 Q light — moderate early May 
1948-49 Q light late October light early May 
1949-50 6 heavy early November moderate mid-May 
1950-51 4 light early October heavy mid-May 





1 Very light, less than one aphid per leaf; light, from 1 to 10 aphids per leaf; moderate, from 11 to 25 aphids per leaf; and heavy 


more than 25 aphids per leaf. 
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and continued to increase until a peak of 
approximately nine aphids per leaf was 
reached by January 23. Following a cold 
period from January 26 to February 3, 
when the minimum temperatures ranged 
from —3 to 21 degrees F., the infestation 
was reduced to a very low point. Prior to 
this time the December-January tempera- 
tures in the 2 years differed little. In 1949— 
50 a peak of six to seven aphids per leaf 
was reached by March 16 to March 25. By 
contrast, in 1950-51 the infestation reached 
a level of 15 aphids per leaf by March 1 
and 35 aphids per leaf by March 25 when 
the crop was plowed under. This differ- 
ence in the populations in the 2 years ap- 
pears to be due in part to the fact that the 
minimum temperatures from February 19 
to March 10 averaged approximately 10 
degrees higher in the second year than in 
the first. The mean minimum temperature 
for the period in 1950-51 was 42 degrees 
compared with approximately 32 degrees 
in 1949-50. During March 11 to May 12, 
the mean minimum temperature in 1949-— 
50 was 44 degrees and that for 1950-51 
was 41 degrees. 

The aphid infestation on the spring crop 
was much higher in 1950-51 than in 1949-— 
50. This was probably due in part to 
the abundant population present on 
the “carry-over” crop and to tempera- 
tures which were more favorable to aphid 
development. Abnormally high mean 
mimimum temperatures (42° F.) in late 
February through early March of the 
second year were suitable for rapid aphid 
reproduction but much less favorable for 
enemy propagation. Temperatures until 
early May showed no increase, averaging 
only 41° F. 

These trends found in specific fields re- 
sembled in general those observed in sev- 
eral fields where the population was esti- 
mated at irregular periods each year for 
the period 1946-51 (Table 1). The aphid 
populations in the fall crops were low com- 
pared with those usually present in the 
“carry-over” and spring crops. During 
4 of the 5 years in which observations 
were made on the fall crop, the average 
peak population was estimated to be 
“‘light.”’ Almost all of the fields included 
in the “light” category had peak popula- 
tions of only one to three aphids per leaf. 
In 1946-47 the peak was estimated to be 
“very light.” On the “carry-over” crop 
considerably higher infestations generally 
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occurred. In the 6-year period the peak 
populations were classed as “heavy” dur- 
ing 2 years, “moderate” 1 year, “light” 
2 years, and “‘very light” 1 year. On the 
spring crop the peak population intensi- 
ties were approximately equal to those on 
the “carry-over” crop. Two moderate de- 
viations from this trend occurred in 1945— 
46 and 1948-49 when populations on the 
“carry-over” crop were “heavy” and 
“light,” respectively, while corresponding 
infestations on the spring crop were both 
classed as “‘moderate.”’ 

The occurrence of the peak population 
varied over a period of approximately 1 
month on the different crops. On the fall 
crop the peaks during the various years 
occurred from mid-November to early 
December. On the “carry-over” crop the 
range was from mid-March to early April. 
Population peaks on the spring crops oc- 
curred from early April to early May. 

Green peach aphid on other host plants. 
Myzus persicae was collected from a total 
of 47 species belonging to 21 families. Of 
this group, 35 species were cultivated 
crops or ornamental plants and eight were 
weeds. Twelve species in the host list were 
not listed by Patch (1938). These included 
cottonwood (Populus deltoides Marsh.), 
pecan (Carya illinoensis Wang.), Chinese 
elm (Ulmus pumila L.), pokeweed (Phy- 
tolacca decandra L.), peppergrass (Lepidi- 
um virginicum L.), alfalfa (Medicago sa- 
tiva L.), sweet clover (Melilotus officinalis 
L. and M. alba Desr.), mung bean (Phase- 
olus aureus L.), evening primrose (Lam- 
ium amplexicaule L.), and cucumber (Cu- 
cumis sativus L.). From henbit (Lamium 
amplexicaule L.), which lives in the fields 
throughout the year, collections were 
made at all seasons except late summer. 
Spinach was available as a food plant from 
September to June, inclusive, and the cru- 
ciferous greens crops were present during 
the spring and fall. Plants which sup- 
ported infestations through the spring 
and mid-summer included alfalfa, potato, 
lamb’s quarter, peppergrass, shepherd’s 
purse, sweet potato, and cucurbits. From 
late July to early September aphids were 
very scarce. 

Seasonal fluctuation of the turnip aphid 
population.—The results of a series of pop- 
ulation counts of the turnip aphid made 
during 1949-50 and 1950-51 in three 
fields of curled mustard are given in figure 
2. The highest infestation of turnip aphids 


¥ 
x 


3 
a 
4 


a 











fa 
pe 
al 
hi 
pe 
he 


pe 
1¢ 
re 
lo 
de 
Wi 


fie 


te 
pe 
19 
an 
th 
mi: 
th 
OC 
ine 
to 

in 


cla 
ate 


CTC 
“Ti 

















October 1954 


»bserved during the entire investigation 
occurred in the fall of 1949. Populations 
of less than 10 aphids per leaf increased 
steadily to peaks of about 400 per leaf by 
early November. Adequate moisture and 
favorable temperatures enabled the plants 
to make almost normal growth until mid- 
October despite the increasing infestation. 
In the following month aphid damage in- 
creased until all plants were severely in- 
jured and many were killed. From No- 
vember 15 to 25 the population greatly 
declined, chiefly due to deterioration of 
the food supply and the activity of pred- 
ators and parasites. 

In 1950 a moderate infestation devel- 
oped on the spring crop. From a low level 
on April 18 the population reached a peak 
of 15 aphids per leaf by May 10. During 
the succeeding 19 days a subsidence oc- 
curred followed by a second increase in the 
population. In late May the field was har- 
vested after it was treated chemically. 

In 1950-51 the infestation level in the 
fall crop field did not exceed seven aphids 
per leaf. By September 30 a moderate pred- 
ator population was present and may 
have accounted for the decline in the light 
population. In the spring crop field a 
heavy infestation developed. A very light 
population in late March increased to a 
peak of over 150 aphids per leaf by May 
12. Heavy predator-parasite populations 
reduced the number of aphids in the fol- 
lowing 3 weeks. Because of much insect 
debris adhering to the foliage, no attempt 
was made to treat and harvest the field. 

In addition to the population trends in 
fields where specific counts were made 
(Figure 2), estimates of infestation in- 
tensities and the occurrence of population 
peaks during the 4-year period of 1947 to 
1951 are given (Table 2). These estimates 
and the data presented in figure 2 show 
that serious outbreaks of turnip aphids 
may occur in either the fall or spring. Al- 
though the heaviest outbreak recorded 
occurred in the fall, the 4-years’ estimates 
indicate that the population is more likely 
to reach the “heavy” or “moderate” level 
in the spring than in the fall. During the 
t years the spring crop population was 
classed as “heavy” one time, as “moder- 
ate’ two times, and as “light” one time. 
By comparison, the infestation in the fall 
crop was rated as “heavy” once and as 
“light”? three times. 

The effects of temperature on the sea- 
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sonal abundance of the turnip aphid are 
indicated only to a small extent by the 
data presented in figure 2 and table 2. The 
great difference between the population 
levels in the fall of 1949 as compared to 
the other 3 years appeared to be due at 
least in part to the abnormally low tem- 
peratures in September of that year. The 
mean minimum temperature was 55° F. 
for September, 1949, approximately 5° 
below normal for the month. Correspond- 
ing temperatures for September in the 
other years, when aphid infestations were 
low, ranged from 59° to 64°. This indica- 
tion that lower temperatures tended to 
favor aphid outbreaks was supported to 
some degree by infestation records on the 
spring crop (Figure 2 and Table 2). In 
1951, when a “heavy” population de- 
veloped, the mean minimum temperature 
for the last half of April and the first half 
of May was 4.5° below the corresponding 
temperature in 1950 when the infestation 
was at a “moderate” level (Figure 2). The 
mean minimum temperature for the 3- 
month period of March, April, and May 
was 46° in 1951 when the population was 
“heavy” and ranged from 47° to 50° in the 
other 3 years when the population levels 
were “‘light”’ or “moderate.” 

The turnip aphid was found to infest 
a smaller number of plants than the green 
peach aphid. The host list consisted of 
nine species belonging to three families of 
which six species belonged to the Cruci- 
ferae, two species to the Compositae, and 
one species to the Leguminosae. The tur- 
nip aphid usually occurred on the cruci- 
ferous greens crops from late August to 
December and from early spring to mid- 
summer. Collections were made from the 
wild crucifers from early May to August. 
The turnip aphid, like Myzus persicae, was 
difficult to find during late summer. 

SummMary.—The leading commercial 
greens crops of Oklahoma, in order of im- 
portance, are spinach, mustard, turnips, 
and kale. Aphids are the most destructive 
pests, particularly Myzus persicae on 
spinach and Rhopalosiphum pseudobras- 
sicae (Davis) on crucifers. Temperature 
was the critical factor in aphid develop- 
ment. M. persicae appears to be active in 
and around the spinach production areas 
during the entire year, being present on 
spinach from October to May, inclusive, 
and occurring in light infestations during 
the summer on a large number of culti- 
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vated and wild plants. The heaviest infes- 
tations on spinach generally occur on the 
“carry-over” crops and on the spring 
creps. This aphid was collected from 
47 species of crop and wild plants. The 
turnip aphid usually occurs on cruciferous 
greens crops from August to December 
and during the spring. Serious out!.reaks 
may occur during either the fall or spring. 
Collections of R. pseudobrassicae were 
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limited to the members of the mustard 
family, lettuce, and bush beans. Sub-nor- 
mal temperatures in the early fall, mid- 
fall, and spring, and above normal tem- 
peratures in the late fall and winter, ap- 
peared to favor aphid development. Sub- 
freezing temperatures did not seem to 
cause an immediate reduction of the pop- 
ulation unless they were near 0° F. 
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Control of Aphids on Commercial Greens 
Crops by Insecticides! 
R. R. Watton and D. E. Howe? 


Aphids are among the most common in- 
sect pests of spinach and other commercial 
greens crops grown in Oklahoma. The 
green peach aphid, Myzus persicae (Sulz.), 
is the only species of importance occurring 
on spinach. The turnip aphid, Rhopalo- 
siphum pseudobrassicae (Davis), is the 
dominant species on the cruciferous crops, 
although injurious populations of M. per- 
sicae infrequently develop on these crops. 
The seasonal fluctuations of the popu- 
lations of M. persicae and R. pseudobrassi- 
cae on greens crops and on other host 
plants have been described earlier (Wal- 
ton 1954). 

From 1876 to 1942, recommended ma- 
terials for the control of the green peach 
aphid included soap suds, lye solution, 
pyrethrum, hellebore, kerosene emulsion, 
nicotine, and rotenone. DDT was found 
by several workers to be satisfactory as a 
control of this species on potatoes and or- 
chard fruits (Wiegel 1944, Newton & List 
1947, Sylvester 1949, Yothers & Carlson 
1948). Isely & Miner (1946) obtained 96 
to 100 per cent mortality with BHC in 


hand dusting tests on spinach. Bacon & 
Walz (1947)* found nicotine, TEPP, and 
BHC to be approximately equal in effec- 
tiveness on spinach. Early control methods 
for the turnip aphid on crucifers were sim- 
ilar to those employed for the green peach 
aphid. Hull (1929) found pyrethrum and 
nicotine unsatisfactory in Texas because 
of low temperature and wind. Harrison & 
Allen (1943) reported a dust containing 
rotenone in tobacco dust or sulphur more 
effective than sprays or other dusts, and 
that mustard planted in rows could be 
more effectively treated than broadcast 
plantings. Isely & Miner (1946) and 
Brooks & Anderson (1947) reported good 
results with BHC. Wene (1949a, 1949b) 
found dusts of parathion, lindane, and 
rotenone effective on crucifers. 
Meruops.—Fourteen insecticidal toxi- 


1 A portion of a thesis submitted in partial satisfaction of re- 
quirements for the degree of Doctor of Philosophy, Oklahoma 
A. and M. College. 

2 Associate professor of Entomology, and Professor of Eato- 
mology, respectively, Oklahoma A. and M. College. 

3 Bacon, O. G., and A. J. Walz. 1947. Summary report on 
spinach insect project, 1947. Unpublished Rept. Div. Ent. and 
Parasit., Univ. Calif. Berkeley. 
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Table 1.—Control of the green peach aphid on 
spinach with insecticides under various condi- 
tions, Eastern Oklahoma, 1946-51. 











Pounps Per CENT 

INSECTICIDE AND ‘TOXICANT REDUCTION 

ForMULATION PER ACRE Over CHECK 

A. Laboratory: potted plants, 79-84° F+ 
Jan. 9, 1946 

Nicotine, 3% dust 0.3 98 
Rotenone, 1% dust 0.3 93 
Rotenone, 0.5% dust 0.3 87 
DDT, 5% dust 1.5 82 





B. Hand application, 55-57° F., Bixby, 
March 6-9, 1947 


BHC dust, 2% 0 gl. 1.0 96 
BHC dust, 1% g.i. 0.5 94 
Chlordane, 5% dust 2.2 58 


Rotenone, 0.75% dust 0.4 52 


— . Power application, 63-60° F., Bixby, 
Nov. 17-Dec. 8, 1949 
Nov. 28 Dec. 8 





Ethyl] parathion- 
methyl parathion 


spray? 0.12 78 70 
,E rye | parathion, 
% dust 0.15 82 61 
Ethyl parathion 
spray? 0.15 78 68 
Lindane, 1% dust 0.20 84 75 
L indane on 0.22 76 78 





D. Hand application on wet foliage, 61-64° F 
Bixby, Nov. 18-21, 1949 


Foliage Foliage 


wet dry 

Ethyl parathion, 
1%dust 0.4 90 98 
Lind: ~¥ a% dust 0.4 9] 93 
TE PP, % dust 0.4 62 83 





E. me spray application, 76-77° F., 
Porter, April 6-7, 1951 


TEPP spray 0.4 91.5 





F. Power application at 51- 54° F., Bixby, 
April 23-26, 1951 


Ethyl parathion, 


% dust 0.35 72 
Lindane, 1% dust 0.32 59 
EPP, 0.75% dust 0.25 58 








G. Power applications at high wi vind velocities,' 
72-73° F., Porter, April 19-22, 1951 

EPP, 1% dust 0.35 29 

EPP spray! 0.40 27 


H. Power application on broadoast and rowed plant- 
ings, 75-77° F., Bixby, May 7-10, 1951 


Broadcast Rowed 


Ethyl parathion, 

1% dust (hand 

application) 0.34 — 99 
Kthyl parathion, 

1% dust 0.33 87 92 
Ethyl parathion 

spray® 0.35 80 86 
EPP, 0.5% dust 0.25 79 87 
Lindane, 1% dust 0.35 77 87 
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cants were tested for aphid control in a 
total of 25 field and laboratory tests. Sev- 
eral different formulations of most of 
these toxicants were tested. The mate- 
rials, in the form of dusts and sprays, were 
applied by hand equipment, power ground 
equipment, and airplane. Hand applica- 
tions of dusts were made with Root rotary 
dusters with a single straight outlet tube 
equipped with a “‘fish-tail” attachment. 
Hand application of sprays was made with 
a Champion knapsack sprayer. Power ap- 
plication of dust was made with a YB, 
six-outlet, Root power duster on which 
each outlet was equipped with a “‘fish- 
tail’ attachment. The outlets were spaced 
laterally at intervals of 2 feet and at a 
height of approximately 18 inches above 
the tops of the plants, except as otherwise 
specified. Dilute sprays were applied by a 
high volume power sprayer at a pressure 
of 250-300 p.s.i. and at rates of 50 to 125 
gallons per acre. Concentrated sprays 
were applied by means of a low-volume 
power sprayer at pressures of 60 to 100 
p.s.i. and at rates of 4 to 15 gallons per 
acre. Except as otherwise specified, 
sprayer nozzles were arranged at lateral 
intervals of 30 inches and at a height ap- 
proximately 18 inches above the tops of 
the plants. In two tests, Stearman air- 
planes were used to apply dust and spray. 

Resvutts.—The results of eight tests to 
control the green peach aphid on spinach 
are given in tables 1 and 2. Tables 3 and 
4 present the results of seven tests to con- 
trol the turnip aphid on cruciferous crops. 

Six of the toxicants showed promise for 
aphid control on greens crops. These in- 
cluded ethyl and methyl parathion, lin- 
dane, TEPP, BHC and nicotine sulphate. 
Toxicants which generally gave unsatis- 
factory results were DDT, chlordane, tox- 
aphene, rotenone, sabadilla, and mixtures 
of piperonyl compounds with pyrethrins- 
rotenone combinations. These toxicants 
are relatively non-volatile whereas the ef- 
fective materials are highly volatile. The 
results indicate that the relatively non- 
volatile materials were largely ineffective 
because of their inability to penetrate 
spaces formed by folds in the leaves and 
by overlapping of leaves. This explana- 


1 Temperatures given in test titles are for the period of appli- 
cation, 
2 Applied at 65-70 gallons per acre and 300 p.s.i. 
3 Applied at 4 gallons per acre and 40 p.s.i. 
4 25-30 m.p.h. 
5 Applied a 40-50 gallons per acre and 300 p.s.i. 
6 Applied at 10-12 gallons per acre and 100 p.s.i. 
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Table 2.—Population levels and experimental 
organization in tests on the green peach aphid 
(Table 1). 
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_ Table 3.—Control of the turnip aphid on cru- 
ciferous greens crops with insecticides under 
various conditions, Eastern Oklahoma, 1948-50. 











No. or 
APHIDS LEAVES 
PER No.or  Exam- 
Test Lear on PLor REPLI- INED PER 
No. CHECK SE CATES PLor 
A 15 1 plant 4 4 
B 20 20’ 20’ + 25 
Cc 10, 11 0.1A. + 25 
D 8 50’ X50’ 2 26 
E 7 2.0A. 1 50 
F 8 0.2A. 4 40 
G 6 2.0A. l 25 
H 18-23 0.5A. 1 100 





tion of ineffectiveness is given support by 
comparative results obtained from a lab- 
oratory test (Table 1, A) and by certain 
field tests. In the laboratory, insecticides 
were applied to the plant with a dust-gun 
in such a manner that a visible deposit 
was secured not only on the upper sur- 
faces but also on the lower surfaces of the 
foliage. In this test, rotenone and DDT 
dusts caused 93 to 82 per cent mortality 
compared with 98 per cent for nicotine 
sulphate, a volatile insecticide. In a field 
test (Table 1, B), where dusts were ap- 
plied with a rotary dust-gun in an ortho- 
dox manner, the percentage control with 
rotenone was only 52 per cent compared 
with 96 to 94 per cent with BHC, a more 
volatile compound. In a test on mustard 
(Te able 3, D), a spray and a dust consist- 
ing of mixtures of a piperonyl synergist 
with rotenone and pyrethrins gave con- 
trol levels of 44 to 38 per cent compared 
with 99 to 75 per cent for volatile insecti- 
cides such as parathion, TEPP, and lin- 
dane. Other relatively non-volatile insec- 
ticides such as chlordane (Table 1, B), 
toxaphene and methoxychlor (Table 3, E) 
were inferior to the more volatile mate- 
rials with which they were compared. 
BHC was effective against the green 
peach aphid (Table 1, B) but taste tests 
made on the processed plants showed that 
a definite off-flavor was imparted to them 
by the insecticide. Nicotine sulphate dust 
was effective as an aphicide at tempera- 
tures of 79° to 87° F. (Table 1, A; Table 
3, A) but was of little value when applied 
at temperatures of 57° to 61° F. in a pre- 
liminary field test. Because temperatures 
are frequently in or below this range when 
aphids must be controlled, nicotine sul- 
phate was not included in later tests. 


Pounps 
INSECTICIDE AND Toxicant Per Cent Repuc- 
ForMULATION PER AcRE TION Over Cueck 





A. Hand Se on open leares and bud clusters of kale, 
° Fi, Spiro, April 6-7, 1948 


Open Bud 
leaves cluster 
TEPP, 0.66% dust 0.20 99 78 
TEPP, 0.5% dust 0.16 98 75 
Nicotine, 1.5%, +rotenone, 
0.2%, +piperonyl  cyclo- 
hexenone, 0.8% dust 0.75 82 33 








B. we of water on foliage of curled mustard, 
35° F., Keota, May 18-20, 1948 


Lower 
half 
J Dry wet Wet 
TEPP, 0.5% dust: 


Handgun 0.15 98 85 29 
Power duster 0.18 88 71 19 
Airplane 0.20 80 -- Qi 


C. Effect of height of turnip plants and their lateral distance 
from duster outlets, 85-87° F., Spiro, May 20-21, 1948 
Inches from outlet 
6 8 





TEPP, 0.5% dust: 
12-inch plants 0.2 99 85 65 
18-inch plants 0.2 96 68 17 





D. Power application on curled mustard, 73-75° F., 
Bixby, Oct. 13—Nov. 8, 1949 
Oct.18 Nov8 
Ethyl parathion-methyl para- 


thion spray 0.40 99 87 
TEPP, 1% dust 0.23 96 47 
Ethyl parathion, 1 % dust 0.25 93 76 
Ethyl parathion spray? 0.19 92 78 
Lindane, 1% dust 0.50 84 68 
Lindane spray? 0.47 75 72 


Piperony! butoxide, 2.8%, 

+rotenone, 1.0%, +pyre- 

thrins, 0.2%, spray? 0.28 44 24 
Piperony! cy clohexenone, 0.5%, 

+-rotenone, 0.2 25%, -+pyre- 

thrins, 0.05%, dust 0.42 38 20 





. Hand application to curled mustard, 74-76° F., 
Bixby, Oct. 4-11, 1949 


Lindane, 1% dust 0.56 84 
Lindane spray 0.25 72 
Toxaphene, 20% dust 7.20 70 
Toxaphene spray 2.24 55 
Methoxychlor spray 2.75 53 
Methoxychlor, 5% dust 2.06 45 


F. Power application of concentrated sprays rte cu rled mu tard, 
, Porter, May 1-13, 1950 
‘ May8 May 13 
Ethyl parathion-methyl para- 


thion spray* 0.20 99 86 
Ethyl! parathion spray’ 0.25 94 76 
Lindane spray® 0.25 8t 47 


. Power application to me d mustard, 
Bixby, Sept. 19-Oct. 5, 1950 


Ethyl parathion-methyl para- 


thion spray* 0.50 95 
Ethyl parathion-methyl para- 

thion spray* 0.25 91 
Lindane spray‘ 0.30 91 
Parathion, 1% dust 0.25 89 





1 Temperatures given in test titles are for the application pe- 
rioe 

2 100-125 gallons per acre and 250 p.s.i. 

3 5,5-6.0 gallons per acre and 60 p.s.i. 

48 gallons per acre and 100 p.s.i. 


Parathion, lindane and TEPP, in the 
order named, were the most satisfactory 
materials tested. In most tests where they 
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Table 4.—Population levels and experimental 
organization in tests on the turnip aphid (Table 
3). 








APHIDS No. or 
PER No. or LEAVES 
Test LEAF ON PLot Repur- EXAMINED 
No. CHECK SIZE CATES PER Piotr 
A 28-8 50’ X50’ 4 25 
B 14 0.1-0.2A. 1 40 
C 9 0.2A, 1 40 
D 91-189 0.2A. 4 10 
K 58 50’X 50’ 4 10 
F 0.8-0.7 0.2A, 1 50 
G 10 0.2A, 4 25 





were compared, either ethyl or methyl 
parathion gave slightly higher kills than 
corresponding lindane formulations. In a 
total of nine tests parathion dusts aver- 
aged 85.5 per cent control compared with 
80.2 per cent for lindane dusts. The dif- 
ferences between sprays of the two toxi- 
cants were generally greater than those 
between the two dusts. TEPP was highly 
toxic to aphids when applied at warm 
temperatures and to dry plants (Table 1, 
H; Table 3, A, B, C, D). The pronounced 
effects of moisture and low temperatures 
on this material are discussed in later sec- 
tions. 

Facrors THat INFLUENCE EFFECTIVE- 
NEss OF InsecticipEs.—The insecticide 
control tests involved various factors and 
were made under differing conditions. 
These variables included foliage charac- 
teristics of the crops, size of plants, ar- 
rangement of plants, type of formulations, 
method of application, temperature level, 
wind velocity, and amount of water on the 
foliage. Each of these variables appeared 
to have some influence on the effectiveness 
of treatment. 

The preferred varieties of spinach, mus- 
tard and kale in Oklahoma are of the sa- 
voy-type with highly convoluted and 
wrinkled leaf surfaces. Under the condi- 
lions ordinarily existing, spinach of the 
savoy-tvype develops a compact, rosette 
type of foliage with closely overlapping 
leaves. A high plant density generally oc- 
curs in plantings of mustard and turnip 
greens. As these two crops approach ma- 
turity, a tall dense mass of foliage ordi- 
narily develops. Most of the aphid popu- 
lation normally is found in the more inac- 
cessible situations on the lower surface of 
leaves, on leaflets nearest the ground, and 
in wrinkles and pockets formed by the 
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convolution of the leaf surface. 

The superiority of the more volatile 
toxicants on these crops, as previously 
noted, would seem to be largely due to the 
fact that much of the foliage surface is 
more readily accessible to fumes given off 
by deposits and particles of the dusts and 
sprays than by the particles themselves. 

Plant Size and Arrangement.—Table 3, 
C summarizes the results of a test to meas- 
ure the effects of plant height and the 
lateral distance of plants from duster out- 
lets on the effectiveness of TEPP dust in 
controlling the turnip aphid on broadcast 
turnips. The method was more effective 
on plants 12 inches in height than on 
those 16 inches tall. Further, the effec- 
tiveness of the method decreased as the 
lateral distance of the plants from the out- 
lets increased. In a zone within 6 inches of 
the outlet the control on the short plants 
was 99 per cent as compared with 96 per 
cent on the tall plants. At a lateral dis- 
tance of 6 to 12 inches from the outlet the 
level of control decreased to 85 per cent 
on short plants and to 68 per cent on tall 
ones. In the zone 12 to 18 inches from the 
outlet control dropped to 65 per cent on 
short plants and to the very low level of 
17 per cent on tall plants. 

Some additional information concern- 
ing the influence of plant arrangement or 
plant location on the effectiveness of 
treatment was obtained in a test on spin- 
ach. Table 1, H shows the comparative ef- 
fectiveness of sprays and dusts on the 
green peach aphid when applied to broad- 
cast spinach and to spinach grown in 
rows. In the case of each treatment the 
level of control was slightly higher on the 
rowed spinach than on broadcast spinach. 

Dusts Versus Sprays.—Comparisons 
of dust and spray formulations of the same 
toxicant applied at approximately the 
same rates were made in five tests. Para- 
thion formulations were compared in two 
tests on spinach and in one test on mus- 
tard. Dusts and sprays of lindane were 
compared in two tests on mustard. In the 
tests on spinach (Table 1, C and H), para- 
thion dust gave 82 and 87 per cent control 
compared with 78 and 80 per cent, respec- 
tively, for parathion spray. On mustard 
(Table 3, G) the respective control figures 
for parathion dust and spray were 89 and 
91 per cent. In each of two tests on mus- 
tard (Table 3, D and E), lindane dusts 
caused 84 per cent mortality compared 
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with 75 and 72 per cent mortality due to 
lindane spray. The average percentage 
mortality for dusts in the five compari- 
sons was 85.4 compared with 77.9 for the 
sprays. 

Influence of Temperature.—The results 
indicate that temperature affected the ac- 
tion of the volatile insecticides. Nicotine 
sulphate was highly effective in a labora- 
tory test made at 79° to 84° F. (Table 1, 
A) but was ineffective in a preliminary 
field test when applied at temperatures of 
57° to 61° F. The comparative results of 
two tests made at different temperature 
levels were obtained for parathion, lin- 
dane, and TEPP (Table 1, F and H). 
TEPP dust was affected most by the drop 
in temperature, decreasing from 79 per 
cent control at 75° to 77° F. (Table 1, H) 
to 58 per cent at 51° to 54° F. (Table 1, 
F). Lindane dust in the same tests ap- 
peared to be affected almost as much, de- 
creasing from 77 per cent at 75° to 77° F. 
to 59 per cent at the lower levels of tem- 
perature. Parathion dust exhibited a 
smaller reduction, declining from 87 per 
cent control to 72 per cent. 

Effects of Wind Velocities —In nearly 
all tests, treatments were made during 
periods when the wind velocity was low 
and few quantitative data were obtained 
on the influence of velocities on control. 
However, in one test made under veloci- 
ties of 25 to 30 miles per hour, the effec- 
tiveness of dusts and sprays containing 
TEPP was very low (Table 1, G). TEPP 
dust produced only 29 per cent control of 
the green peach aphid. In the same test 
TEPP spray applied at 300 p.s.i. and a 
rate of approximately 0.4 pound of toxi- 
cant per acre, gave a similarly low level of 
control of 27 per cent. In a later test (Ta- 
ble 1, H) TEPP dust applied when the 
wind velocity was only 3 to 5 miles per 
hour gave 79 per cent control of aphids. 
In the second test, the temperature at 
time of application was 75° to 77° F. com- 
pared with a temperature of 72° to 73° F. 
in the first test. This slight advantage in 
temperature was probably offset by the 
fact that the application rate in the second 
test was but 0.25 pound of toxicant per 
acre compared with 0.35 pound in the first 
test. 

Influence of Water on Foliage.—Results 
in at least two tests showed that treat- 
ments using certain insecticides were less 
effective when made on wet foliage. In a 
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test on spinach (Table 1, D), 1 per cent 
TEPP dust gave 83 per cent aphid control 
when applied to dry foliage but only 62 
per cent when applied to wet foliage. On 
dry foliage 1 per cent parathion dust pro- 
duced 98 per cent control but only 90 per 
cent on wet foliage. Lindane, 1 per cent, 
was about equally effective on dry and 
wet foliage, with the degree of control be- 
ing 93 and 91 per cent, respectively. TEPP 
dust, applied with a hand duster, caused 
98 per cent mortality on plants classed as 
“dry,” 85 per cent on plants with approxi- 
mately the lower half of the foliage wet, 
and 29 per cent on plants with most of the 
foliage wet (Table 3, B). Corresponding 
reductions were noted in plots treated 
with power equipment. These data were 
obtained from field tests which included 
the variable factor of temperature. The 
temperature at time of application of 
treatment to dry foliage ranged from 3° 
to 7° F. above the temperature when 
treatment was made to wet foliage (Table 
1, D and Table 3, B). Although the dif- 
ferences in effectiveness of treatment can- 
not be attributed entirely to the factor of 
water on foliage, it appeared to be the 
most important cause. 

SumMary.—The important species of 
aphids attacking vegetable greens crops 
in Oklahoma are Myzus persicae (Sulz.) 
on spinach and Rhopalosiphum pseudo- 
brassicae (Davis) on crucifers. Six toxi- 
cants, possessing high volatility, showed 
promise for aphid control. Ethyl para- 
thion and a mixture of ethyl parathion 
with methyl parathion, followed by lin- 
dane, were the most satisfactory toxi- 
cants. TEPP was highly effective when 
applied under dry and warm conditions 
but was much less effective when applied 
to wet foliage or when temperatures were 
below 60° F. Nicotine sulphate was simi- 
larly affected by temperature. BHC was 
effective on aphids but impaired the flavor 
of food products made from treated 
plants. Dusts were more effective than 
sprays containing the same toxicants. The 
effectiveness of dusts declined with in- 
creases in plant size and the lateral dis- 
tance of the plant from the duster outlet. 
The effectiveness of TEPP dusts and 
sprays was greatly reduced when applied 
at wind velocities of 25 to 30 m.p.h. as 
compared with treatments made at veloci- 
ties below 10 m.p.h. 

A number of relatively non-volatile ma- 
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terials including DDT, methoxychlor, 
chlordane, toxaphene, rotenone, sabadilla 
and mixtures of piperonyl synergists with 
pyrethrins and rotenone were generally 
ineffective as aphicides. Aphids in con- 
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volutions and cavities on the foliage sur- 
face appeared to be largely inaccessible to 
these poisons whereas the volatile toxi- 
‘ants seemed to penetrate such situations 
and produce control. 
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Introduction of Egg Parasites of the Beet Leafhopper' 


C. B. Hurraker, J. K. Hottoway,? R. L. Doutt, and G. L. Finney, Department of 
Biological Control, University of California, Albany 


Around 1900 the curly-top disease, or 
“Western Blight” as it was then known, 
transmitted by the beet leafhopper, Cir- 
culifer tenellus (Baker), threatened the 
existence of the young beet sugar industry 
in the West. That threat was not appreci- 
ably alleviated until the development of 
resistant strains of beet, beginning with 
U.S. No. 1 in 1934, according to Douglas 
& Cook (1952). In more recent years the 
importance of this disease and of the vec- 
tor has remained, although there has been 
a shift in the crops most seriously affected 
from sugarbeet to such crops as tomatoes, 
green beans, melons, cantaloupes, squash, 
spinach and flax. Also, the resistant sugar- 
beets are subject to serious losses in yield 
if the plants become diseased while they 
are still young. 

The seriousness of the problem to pro- 
ducers of early table tomatoes in Califor- 
nia in 1950 resulted in intensified efforts 
at chemical control and renewed consider- 
ation of biological control. Chemical con- 
trol operations during recent years have 
constituted a yearly expenditure by the 
State of California alone of } to } million 
dollars. 





In the hope of eventually reducing the 
costs and necessity for continuing expen- 
sive insecticidal operations, the Depart- 
ment of Biological Control of the Univer- 
sity of California, with cooperation by the 
U.S. Department of Agriculture and the 
California State Department of Agricul- 
ture, initiated in 1951 a program of intro- 
duction of natural enemies of Circulifer 
tenellus from the Mediterranean region of 
Europe and North Africa. In 1918 the 
California Commission of Horticulture 
had sent an explorer to Australia to search 
for the leafhopper and its natural enemies 
on that continent. According to Vosler 
(1919), the insect was not found there, 
but several species of parasites of other 
leafhoppers were shipped to California. 
They never became established. In 1926- 
28, the University of California, in cooper- 
ation with the U. S. Department of Agri- 


1 This project was established officially subsequent to the pre- 
liminary survey of Norman Frazier, with J. K. Holloway doing 
the foreign exploration; R. L. Doutt the quarantine studies; 

Finney the ey propagation; and C. B. Huffaker, 
with assistance by C, E. Kennett, the field studies and coloniza- 
tion. 

2 Entomology Research Branch, Agricultural Research Serv- 
ice, U. S. Department of Agriculture; also Specialist in Biologi- 
cal Control with the University of California. 









culture, surveyed the situation in Argen- 
tina and Uruguay. Again C. tenellus was 
not located, and no parasites were sent to 
this country, according to Henderson 
(1928). Mexico was also later explored 
with the same results. As a result of work 
by Oman (1936, 1948) the position of this 
leafhopper, previously considered Eutet- 
tix tenellus, as a member of the Old World 
genus Circulifer, was clarified. Its recogni- 
tion as an Old World species revived the 
hope of locating and importing its natural 
enemies. 

Foreicn Expioration.——In 1951, Fra- 
zier (1953) searched the Mediterranean 
region, determined more accurately the 
insect’s distribution and most favored en- 
virons there, did the groundwork for later 
intensive parasite exploration, and sent 
back to California a_ trichogrammatid 
which attacks the eggs of this leafhopper. 
In 1952 and 1953, J. K. Holloway made 
intensive exploration for parasites and 
predators in Spain and parts of North 
Africa. Many species of trichogrammatid 
and mymarid egg parasites were for- 
warded to California. It is planned that 
the search for natural enemies will be ex- 
tended in French Morocco and other coun- 
tries in North Africa, during 1954.° 

Though intensive search was made for 
some member of the genus Cytorhinus, 
none was found. It is still hoped that such 
a predator of Circulifer tenellus may be lo- 
cated, since two species of this genus, Cyr- 
torhinus mundulus Bredd. and C. fulvus 
Knight, have effectively controlled the 
sugarcane leafhopper and the taro leaf- 
hopper, respectively, in Hawaii (Swezey 
1936, Clausen 1940: p. 588). 

Plant material containing eggs of Cir- 
culifer, some of which contained the im- 
mature stages of the egg parasites, was 
shipped by air express from the foreign 
sources to the Department’s quarantine 
facilities in Albany, California. Each ship- 
ment consisted of one or more wooden con- 
tainers made of strong 3-ply, 3/32-inch 
hardwood plywood, containing cloth bags 
of host plant material. The type of wood 
used assured the greatest protection for 
the weight involved. The cloth bags were 
double-sewn. The wooden boxes consti- 
tuting a shipment were also enclosed as a 
group by wrapping in heavy unbleached 
muslin, and the edges sewn. 

It was most urgent that the shipments 
reach their destination as soon as possible. 










































786 JOURNAL OF Economic ENTOMOLOGY 





Vol. 47, No. 5 





Every effort was made to expedite the 
journey. Quarantine officials and air line 
representatives at all junctions were 
alerted to speed the packages on their way. 
Nevertheless, the shipments were some- 
times en route as much as 5 to 8 days, and 
some molding occurred in spite of precau- 
tions taken against it. Obviously, some 
plants tended to mold more than others. 
To reduce the possibility, the more succu- 
lent plants were allowed to dry partially 
before packaging, and shredded paper was 
placed in the packages. Also, a reduction 
of the quantity of plant material per box 
aided in reducing the mold. 

A total of 35 shipments of parasite ma- 
terial was made and received in Albany. 
Of these, one was from Tripolitania in 
1951 (Frazier 1953), 14 were from Spain 
in 1952, and 20 from Spain and French 
Morocco in 1953. 

QUARANTINE HANDLING AND REARING. 
—Emergence of the foreign-collected par- 
asites, the testing of their capacities to 
parasitize Circulifer tenellus, determina- 
tions as to taxonomic position, and the 
rearing of adequate offspring for field 
colonizations were done at the Albany sta- 
tion. Stocks of variously-aged eggs of C. 
tenellus were maintained so that parasites 
of unknown capacities could be tested un- 
der quarantine on this host at any time. 
Upon receipt of the shipments, the plant 
material was immediately placed in emer- 
gence cages and the egg parasites usually 
began emerging at once. A test generation 
for each species was run prior to clearance 
for quantity rearing and field releases. 

Of the five parasitic species which were 
proven to be primary egg parasites of this 
leafhopper and liberated against this pest, 
Aphelinoidea anatolica Nowicki is from 
Tripolitania, Polynema “A” from French 
Morocco, and Lymaenon “A,” Lymaenon 
“B,” and Aphelinoidea “A” from Spain. 
Members of the genera Anagrus and Oli- 
gosita were shown to be capable of parasi- 
tizing eggs of the beet leafhopper, but 
they came through in this host only rarely, 
and it has not proved possible to produce 
them or mairitain the stocks in the insec- 
tary. In this connection, some of the spe- 
cies which are readily reared in eggs of the 
beet leafhopper have been reared, but not 
with a high degree of success, in eggs of 
other genera of leafhoppers. 


8 One of the authors (Huffaker) is now in North Africa on this 
assignment. 























October 1954 NWUuFFAKER ET AL.: 





Eao Parasites oF Breer LEAFHOPPER 787 


Table 1.—Beet leafhopper parasite colonizations in California. (All in 1953 except A. anatolica, in 








1951). 
Lymaenon  Lymaenon 

County a ig id i 
Fr resno o (1 Site) 9,500 0 
Kern (4 Sites) 85 ,395 0 
Monterey (1 Site) 2,200 0 
Santa Barbara (2 Sites) 790 0 
Ventura (2 Sites) 5, 690 0 
Imperial (2 Sites) 7,530 0 
San Bernardino (1 Site) 1,200 400 
Contra Costa (1 Site) 150 0 
Total 112,455 400 








Polynema_ Aphelinoidea A phel inoidea 

"a anatolica ‘A” Toran 
2 600 20 1,900 14,020 
38 , 255 0 27,845 151,495 
900 0 1,390 4,490 
1,970 0 1,875 4,635 
9,295 0 10,430 25,415 
3,040 0 0 10,570 
1,200 0 0 2,800 
500 0 25 675 
57,760 20 43,465 214,100 





The rearing of beet leafhopper egg para- 
sites for field release has been largely a 
problem of 1) keeping the host insects, 
Cireulifer tenellus, in active production, 
2) the development of proper methods for 
obtaining good densities of host eggs of 
definite ages, 3) determining the best con- 
ditions for parasite oviposition, and 4) 
development of proper beet plant produc- 
tion to prevent the breaking down of the 
plants prior to emergence of the parasites. 
The rearing methods, though still under- 
going improvement, have been very satis- 
factory. G. L. Finney will publish a 
detailed account of the procedures adop- 
ted after all improvements have been 
made. 

The life cycles of these species are short 
—from 2 to 3 weeks at 80° F. in the in- 
sectary, depending on the species. The 
parasitic species vary considerably in 
their abilities to complete development 
and emerge from dry or drying plant tis- 
sue. The present studies have revealed, in 
fact, a remarkable adaptation of A pheli- 
noidea plutella Gir., a native trichogram- 
ro egg parasite of C. tenellus. In the 

California semi-arid areas, this parasite is 
not only capable of overwintering within 
the dead and dry tissues of such plants as 
Russian thistle, or tumble weed, Salsola 
Kali var. tenuifolia Tausch. and emerging 
in late winter after being blown all over 
the desert with the ‘‘tumble weed,” but 
it is also capable of lying dormant from 
April throughout the long, dry, and very 
hot summer inside the dry tissues of such 
winter annual plants as filaree, Hrodium 
cieutarium L’Her. In the insectary, the 
trichogrammatids generally have shown a 
greater capacity to complete development 
and emerge from drying tissues than have 
the mymarids. Such adaptations are ex- 


tremely important with respect to the po- 
tentials for control of this insect in the 
field. 

Fre_tp CoLonization.—As may be seen 
in table 1, a total of 214,100 parasites were 
released in California during 1953. In ad- 
dition, consignments were sent to the fol- 
lowing entomologists of the U. S. Depart- 
ment of Agriculture for colonization in 
other states where this leafhopper is a 
pest: 13,220 parasites to Howard E. Dorst 
for use in Utah, 6,300 to J. R. Douglas for 
Idaho, and 4,940 to Orin A. Hills for Ari- 
zona. 

In the field colonization program, the 
objective has been to liberate the parasites 
under a great variety of ecological condi- 
tions where the host occurs.* The most de- 
sirable locations are those where active 
breeding of the host species continues over 
its entire reproductive cycle, rather than 
those where the host breeds only for a 
short period during spring or midsummer, 
even though greater host densities may 
prevail at the latter locations at such 
times. Therefore, a wide range of sites as 
to geographic location, climatic features, 
and types of plant hosts have been em- 
ployed in order to give the parasites the 
widest possible variations of environ- 
ment. Establishment at any place would 
then make possible movement to other 
areas, even if the stocks in the insectary 
were lost. Generally, both interior and 
coastal areas as far north as Fresno have 
been included. 

Table 1 shows the releases for Califor- 
nia: 112,455 Lymaenon “A,” 57,760 Poly- 
nema “A,” 43,465 A phelinoidea “A,” 400 
Lymaenon “B” and 20 A phelinoidea ana- 
tolica. 


4 The County Agricultural Commissioners and Farm Advisors 
in California have assisted materially in this program, 
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In the Imperial Valley® the spring 
breeding season is quite advanced (if, in- 
deed, breeding ever actually ceases) com- 
pared to the more northern locations in 
the San Joaquin Valley. At the two sites 
there, and at some of the coastal sites, cer- 
tain plants, such as lamb’s-quarter, Chen- 
opodium murale L. and other species of the 
genus, Australian salt bush, Atriplex semi- 
baccata R. Br., several species of summer 
annual Atriplex, such as A. Serenana A. 
Nels. and A. expansa (D. & H.), Echinop- 
silon (=Salsola) hyssopifolium (Pall.) 
Mogq., alkali mallow, Sida hederacea 
(Dougl.) Torr. and several species of wild 
mustards, Brassica spp., furnish a rather 
different complex of host plants, as well as 
different seasonal periods of host avail- 
ability, than are characteristic of the San 
Joaquin Valley areas. In this Valley, also, 
there is a long period during summer when 
extremely high temperatures are charac- 
teristic, and breeding of C. tenellus is con- 
fined by limited availability of summer 
annual host plants, while breeding during 
the late winter and spring may be abun- 
dant on the desert plants such as filaree, 


Erodium cicutarium L’Her., popcorn 
flower, Plagiobothrys spp. and various wild 
crucifers. 


In the coastal areas summer host plants 
are comparable to those in the Imperial 
Valley but the spring leafhopper breeding 
is more comparable as to seasonal occur- 
rence and host plants to that in the San 
Joaquin Valley foothill areas. The main 
problem area is the San Joaquin Valley 
where there are two definite but contigu- 
ous breeding patterns in the uncultivated 
areas. The canyons and foothills on the 
west side of the Valley breed leafhoppers 
primarily in the spring. There is a broad 
belt of previously uncropped land lying 
largely between this region and the main 
cultivated valley floor to the east which 
breeds Circulifer tenellus during both the 
spring and summer. Summer host plants 
within the cultivated valley floor itself 
and beet fields are not now considered as 
important as sources of leafhoppers mi- 
grating back into the canyons as was once 
the case (Lawson 1943, Armitage 1952). 
The presence of the very extensive Rus- 
sian thistle belt is a relatively recent de- 
velopment. Also, the still more recent, 
very extensive utilization of this region as 
irrigated cropland has somewhat altered 
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the definitiveness of this dual pattern of 
breeding. 

The production of leafhoppers in the 
‘~anyons and foothills is largely on such 
plants as red stem filaree, Hrodium cicu- 
tarium, peppergrass, Lepidium nitidum 
Nutt., and Plantago erecta Morris. There 
are essentially no host eggs present in 
those areas during the summer, fall and 
early winter. On the other hand, the 
breeding in the broad Russian thistle belt 
between involves these same host plants 
in the spring and, in addition, Russian 
thistle, Salsola Kali var. tenuifolia, pri- 
marily, as a summer host plant. Good 
summer annual hosts such as Atriplex ex- 
pansa and A. Seranana are also of very 
minor occurrence. It is within the Rus- 
sian thistle area that colony sites have 
been established in the San Joaquin Val- 
ley. For the present, the canyons and foot- 
hills not having Russian thistle have been 
excluded. This has been to assure a wide 
seasonal spread of host eggs. 

Proaress Towarp EstaBLISHMENT.— 
The total range of releases represents a 
very wide variety of conditions to which 
some of the imported species may be 
suited. The releases in Contra Costa 
County (California) were against other 
species of leafhoppers, some other genera 
of which have been shown to be suscepti- 
ble to attack in the laboratory. Table 1 
lists the numbers of each species that have 
been released in California. Recoveries of 
only two of the five species released have 
been made. Field produced Lymaenon “A” 
were readily recovered soon after release 
at the two older sites in Kern and Fresno 
Counties where releases were meade prior 
to the drying of the winter annual vegeta- 
tion. It may be significant that this spe- 
cies was not recovered again at any time 
during the year; hence, it did not do as 
well after breeding of the host insect at 
those locations was confined to Russian 
thistle, although it was recovered in very 
limited numbers from that plant prior to 
May. Polynema “A” was recovered, but 
not too readily, from Russian thistle dur- 
ing the latter half of the season. Releases 
of this species were not begun prior to mid- 
summer. Only 20 Aphelinoidea anatolica 
were released prior to loss of the insectary 
stock, and little is expected from this re- 


5 Dr. Robert van den Bosch and Mr. Everett Dietrich of the 
University’s Department of Biological Control at Riverside co- 
operated in these releases. 









































Vo: 


A 
inse 
tibil 
velo 
to b 
appl 
sons 
App 
tion 
cide: 
has 
thou 
that 
live 
pracl 
high] 
Still 
effect 

entor 
mite 
acaric 


October 1954 Exsruinc & Pence: Acaricipes & Two-Sporten Spiper Mite 789 
effective enemies of the beet leafhopper in 


the field. 
SumMMARY.—Five species of trichgram- 


lease. It is hoped that this species will 
again be obtained from North Africa in 
1954. Aphelinoidea ‘‘A”’ was released in 


large numbers during the later part of the 
summer, but has not been recovered. It 
may be that it enters a state of dormancy 
at that season under field conditions. 


matid and mymarid egg parasites of the 
beet leafhopper,  Cuirculifer _ tenellus 
(Baker), from the Mediterranean area 
have been released in California. Two spe- 


cies have been recovered in limited num- 
bers. Large scale releases and exploration 
for additional natural enemies for intro- 
duction are being continued. 


Lymaenon “‘B” was released very late in 
the year. Several years’ time will be re- 
quired to learn whether these parasites be- 
come established or whether they will be 
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Susceptibility to Acaricides of Two-Spotted Spider Mites 


in the Egg, Larval and Adult Stages 


Water Espeuine and Roy J. Pence, University of California, Los Angeles 


A review of the literature reveals that 
insects may vary greatly in their suscep- 
tibility to insecticides in their different de- 
velopmental stages. This has been found 
to be the case whether the insecticides are 
applied as contact poisons, stomach poi- 
sons or as fumigants (Mukerjea 1953). 
Apparently no comprehensive investiga- 
tion of the relative susceptibility to acari- 
cides of the developmental stages of mites 
has been reported in the literature, al- 
though field experience has demonstrated 
that some acaricides are primarily effec- 
live as ovicides, while others may have 
practically no ovicidal effect but may be 
highly toxic to the newly-hatched larvae. 
Still others are primarily known for their 
effect against the adults. Nevertheless, 
entomologists often utilize only the adult 
nite as a test animal in the evaluation of 
acaricides, unless their primary interest 


is in dormant sprays, when they utilize 
the egg stage. However, it is misleading to 
evaluate a group of acaricides on the basis 
of their effectiveness against a single de- 
velopmental stage. An evaluation based 
on relative toxicity to the different de- 
velopmental stages might reveal, for ex- 
ample, that a given acaricide may be high- 
ly toxic against the adults, but ineffective 
against the eggs, the latter being the limit- 
ing factor in its practical usefulness. A 
second acaricide may be less effective 
against the adults than the first, but suf- 
ficiently effective against both adults and 
eggs to be satisfactory from the stand- 
point of its long-term control efficiency at 
practical field dosages. The present inves- 
tigation showed that not even the toxicity 
of an acaricide against the immature ac- 
tive stages can be inferred from its toxicity 
to the adults. 
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PROCEDURE.—T wo-spotted spider 
mites, Zetranychus bimaculatus Harvey, 
were reared on Henderson lima _ beans. 
Adult females were transferred by means 
of No. 000 spotting (sable’s-hair) brushes 
to the lower surfaces of bean leaves that 
had been treated in a settling tower ac- 
cording to a procedure described in a pre- 
vious paper (Ebeling & Pence 1953). 
Twenty-five mites were placed on each of 
two treated leaves for each concentration 
of toxicant. The leaves were placed on 
wet cotton in petri dishes and this not 
only kept them fresh for the 48-hour pe- 
riod between treatment and counting, but 
also served to keep all but a few of the 
mites confined to the leaves. 

In tests with larvae, 20 adults were 
placed on the lower surfaces of each of the 
required number of bean leaves and were 
left on wet cotton covered with paper 
towelling for a period of 5 or 6 days in or- 
der to lay eggs. By that time the eggs were 
beginning to hatch in quantity. An in- 
fested half-leaf was then placed on each 
treated bean leaf. The source leaves were 
removed the following day and, since by 
that time they were withered or dry, prac- 
tically all larvae (usually between 25 and 
75) had transferred to the treated leaves. 
They were allowed to remain on the 
treated leaves another 2 days before being 
counted. Some of the larvae migrated to 
the treated leaves immediately and migra- 
tion to the treated leaves occurred con- 
tinually during the 24 hours the source 
leaves and treated leaves were allowed to 
remain in contact. Therefore the larvae 
were in contact with the acaricide residues 
for periods ranging from 48 to 72 hours. 
On the other hand, all the adults, which 
were transferred by means of brushes di- 
rectly to the treated leaves, had contact 
with the residues for only 48 hours. This 
must be borne in mind when comparing 
the LD50’s for larvae and adults in table 
1. The LD50’s for the larvae are conserva- 
tive, the actual values being in all cases 
somewhat higher. 

At the time the counts were made, some 
mites had already reached the nymphal 
stage, but since they had continuous con- 
tact with the residues during the larval 
stage, the experiment was considered to 
be an evaluation of the susceptibility of 
the larvae. 

In the experiments in which eggs were 
treated, 10 adults were placed on the lower 
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sides of the required number of leaves and 
the following day they were crushed, hav- 
ing laid a sufficient number of eggs (aver- 
age of 33.2 eggs per leaf). The leaves con- 
taining the eggs were treated in the set- 
tling tower. It should be borne in mind that 
the acaricides contacted the eggs directly 
when they were applied, while the active 
stages made contact with the acaricides 
only by crawling over the residues. 

The oldest eggs at the time of treatment 
had gone through only about 20 per cent 
of their incubation period. It is not known 
how the susceptibility of these eggs to 
acaricides compared to that of eggs of any 
other stage of development up to the time 
of hatching. However, Chapman & Pearce 
(1949) found that the winter eggs of the 
European red mite became increasingly 
more susceptible to oil spray as the inter- 
vals between spraying and the time of 
hatching were reduced. 

Counts were not made until 4 days after 
treatment. By that time the dead eggs 
could be distinguished by their discolora- 
tion and many of the surviving eggs had 
hatched. 

The treatments were made, and the 
mites were confined after treatment, in a 
well-ventilated room of a greenhouse in 
which the temperatures varied between 
80° and 85° F. This rather high tempera- 
ture was maintained in order to accelerate 
the hatching of eggs for the development 
of larvae for testing purposes and to has- 
ten the visible symptoms of mortality of 
either eggs or active stages. Active stages 
were considered to be “‘dead”’ if they could 
not move forward after being prodded by 
a dissecting needle. Although untreated 
checks were always maintained, the nat- 
ural mortality was in all cases so low for 
any of the developmental stages that it 
was ignored in the mortality calculations. 

The dosage-mortality regressions pre- 
sented in this paper were based on experi- 
ments in which all 16 acaricides were used 
in a single day’s work. Therefore a num- 
ber of preliminary range-finding experi- 
ments were made to ascertain the approxi- 
mate dosage range for each acaricide. The 
dosage-mortality regression lines were 
based on at least 3 points, but usually 4 
and sometimes 5. 

AcarIcIDEs USED IN THE EXPERIMENTS. 
The majority of the acaricides were used 
both as wettable powders and as emulsi- 
fiable concentrates. All were commonly 
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Fic. 1.—Dosage-mortality regressions for three acaricides used against the 
eggs, larvae, and adults of the two-spotted spider mite. 


used proprietary products. For the sake 
of brevity and convenience, the trade 
names or common names of the acaricides 
will be used in this paper. The following 
list gives the chemical names of all 16 
acaricides used in the investigation: 


Chemical Name 

2-(p-tert-Butylphenoxy) isopropyl-2’- 
chloroethyl sulfite 

Chlorobenzilate 4,4’-dichlorobenzilic acid ethyl ester 

DMC 4,4’-dichloro-alpha-methyl-benzhy- 

drol 

Compound 876 Bis(p-chloropheny]l) ethyny] carbinol 

Neotran Bis(p-chlorophenoxy) methane 

Ovotran p-Chlorophenyl p-chlorobenzenesul- 
fonate 

p-Chlorophenylphenylsulfone and re- 
lated materials 

Compound 923 2,4-dichloropheny! benzene sulfonate 

Karathane Dinitrocapryl phenyl crotonate 

DN-111 Dicyclohexylamine salt of 4,6-dini- 
tro-o-cyclohexylphenol 

Triethanolamine salt of 4,6-dinitro- 
o-secondary-buty! phenol 

0,0-Diethyl O-p-nitrophenyl  thio- 
phosphate 

S- (1,2 - Dicarbethoxyethyl) 0, O - di- 
methyl dithiophosphate 

EPN O-Ethyl O-p-nitrophenyl benzene- 

thiophosphonate 


Acaricide 
Aramite 


R-242 


DN-289 
Parathion 


Malathion 


0, O- Diethy]- 0 -[2-isopropy]-4-meth- 
yl-pyrimidy] (6)] thiophosphate 
O-[2-(Ethylmercapto)ethyl 0,0-di- 

ethyl] thiophosphate 


Diazinon 


Demeton 


COMPARISON OF SUSCEPTIBILITY OF 
DEVELOPMENTAL STaGEs.—To conserve 
space, the dosage-mortality regressions 
for only 3 acaricides, as emulsifiable con- 
centrates, are presented (Fig. 1), for they 
are approximately representative of the 
slopes of the dosage mortality regression 
lines of all the acaricides investigated. The 
slopes of the regression lines for the adults 
were consistently lower than for the larvae 
and eggs, and the latter were, on the aver- 
age, approximately identical. The lower 
slope of the regression lines for the adults 
is to be expected in view of the greater 
range of ages represented by the adult 
population according to the methods used 
for the selection of test material in these 
experiments. The susceptibility of insects 
of different ages within a developmental 
stage may vary greatly (Mukerjea 1953) 
and the same may be expected of mites. 

The data for Aramite, DN-111 and Ovo- 
tran were selected for graphic presentation 
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Table 1.—LD50’s for adults, larvae and eggs of the two-spotted spider mite, and for adults placed 
on surface of leaf opposite to that which was treated. 








LD50’s (G./100 Mu.) 


Ratios oF THE LD50’s 





ACARICIDE! Adults Larvae Eggs 


Opposite 
Surface 
Eggs — 
Surface 
Adults Treated 


Larvae 
Adults 


Adults on 
Opposite 
Surface 








Aramite—E 0.00388 0.0072 
Aramite—W 0.0041 0.0082 
Chlorobenzilate—E .012 0.014 
Chlorobenzilate—W .019 0.019 
DMC—E .044 0.042 
Compound 876—E .030 .033 
Compound 876—W .028 .024 
Neotran—W .62 215 
Ovotran—E 45 .019 
Ovotran—W .25 .028 
R-242—E .21 2 
R-242—W Bs .26 
Compound 923—E .78 21 
Compound 923—W 1.55 48 
Karathane—E .036 .013 
Karathane—W .066 .027 .53 
DN-111—W .082 .031 .28 
DN-289—E .0083 .0072 .038 
Parathion—E .0056 .013 .19 
Parathion—W .0045 .010 .37 
Malathion—E .0025 .0073 .32 
Malathion—W .0042 .O115 .84 
EPN—E 0025 .0047 .23 
EPN—W .0048 0.0077 46 
Diazinon—W .012 0.028 .18 
Demeton—E 0.0022 0.0028 0.097 
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1 The majority of the acaricides were used both as wettable powders (W) and as emulsifiable concentrates (E). Treatment was by 
means of a settling tower depositing 14.6 mmg./cm.? of toxicant when using 1 wt./vol. % in suspension or 14.1 mmg./cm.? with 1 


wt./vol. % in emulsion. 


because they represent the three situa- 
tions encountered among the 16 acaricides 
with respect to the relative susceptibility 
of the three developmental stages investi- 
gated. The chart for Aramite represents 
the most common situation encountered, 
namely, extreme susceptibility of larvae 
and adults, particularly the latter, and a 
relatively low susceptibility of the eggs. 
The chart at the upper right in figure 1 
represents the situation found among the 
three dinitro compounds (DN-111, DN- 
289 and Karathane), with the ratios of the 
LD50’s being eggs>adults>larvae. The 
lower chart represents the situation found 
among three of the compounds (Ovotran, 
compound 923 and Neotran), with the 
ratios of the LD50’s being adults > eggs > 
larvae. 

The amount of toxicant deposited in 
the settling tower with which the treat- 
ments were made is indicated by gravi- 
metric determinations made in a previous 
experiment (Ebeling & Pence 1953). With 


the 5 ml. of liquid used per charge, a 1 wt./ 
vol.% concentration of actual DDT in the 
form of a 50 per cent wettable powder de- 
posited 14.6 mmg/cm? of toxicant and a 
1 wt./vol.% concentration of actual DDT 
in the form of a 25 per cent emulsifiable 
concentrate deposited 14.1 mmg/cm’ 
(average of 5 trials). 

Deposit studies made on citrus trees 
treated with a large power sprayer showed 
that wettable powder formulations de- 
posited on the average 4 times as much 
residue, and emulsifiable concentrates 2.6 
times as much, as was deposited by the 
settling tower used for the present experi- 
ments. This should be borne in mind when 
attempting to interpret the data in terms 
of practical field dosages. A concentration 
of 0.12 wt./vol.% is equivalent to 1 pound 
to 100 gallons, but the amount of residue 
deposited at that concentration in the set- 
tling tower is far below that which is to be 
expected from thorough field application. 

The LD50’s for all the 16 acaricides in- 











vestigated against the adults, larvae and 
eggs are given in table 1. These LD50’s 
were obtained from dosage mortality re- 
gressions such as shown in figure 1 and 
consequently represent per cent concen- 
tration, which in this paper means wt./vol, 
per cent. This table shows the ratios of the 
LD50’s for the larvae and eggs to those of 
the adults. In addition, the LD50’s for 
adult mites placed on the sides of the 
leaves opposite to those treated are pre- 
sented. In the latter tests the upper sur- 
faces of the leaves were treated. It was be- 
lieved that, since the dosages required to 
kill mites on the opposite side of the leaf 
are often below the dosage used in com- 
mercial applications, this might be one of 
the factors involved in mite-control ef- 
ficiency on some crops and therefore might 
be worthy of comparative evaluation, 
along with the susceptibility of stages. 

Table 1 shows that with 6 acaricides, 
Aramite, parathion, malathion, EPN, Di- 
azinon and demeton, the LD50’s for the 
larvae were higher than for the adults. For 
4 acaricides, Chlorobenzilate, DMC, R-242 
and Compound 876, there was no signifi- 
cant difference in the values appearing in 
table 1, but, as explained previously, the 
larvae were in contact with the residues 
for as much as 24 hours longer, so they 
may be more resistant in the cases of these 
acaricides also. In the case of the remain- 
ing 6 acaricides (Neotran, Ovotran, com- 
pound 923, Karathane, DN-111 and DN- 
289), the larvae were found to be more 
susceptible than the adults. With 3 acari- 
cides (Neotran, Ovotran and compound 
923) the eggs were more susceptible than 
the adults. It should be borne in mind, 
however, that some acaricides, such as 
Ovotran, are slow in their action against 
the adults, and that counts made at a later 
period after treatment might indicate dif- 
ferent ratios in the relative effectiveness 
of some of the compounds than those that 
are shown in table 1. 

Mortauity oF Mites oN Lower Sur- 
FACES OF LEAVES SPRAYED ON THEIR 
Upper SurFAceEs Onity.—Ebeling & Pence 
(1953) demonstrated that acaricides ap- 
plied to either the upper or lower surfaces 
of bean, grapefruit and avocado leaves 
resulted in the death of mites confined to 
the leaf surface opposite to the one that 
was treated. The intensity of the effect 
was in the ratio bean> grapefruit >avo- 
cado. 
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In the present experiments this matter 
was again investigated with a greater 
number of acaricides and with a view of 
determining the LD50’s so that the per- 
formance of different acaricides could be 
directly compared. The acaricides were 
applied to the upper surfaces of bean 
leaves and the leaves were turned 1 hour 
after treatment so that 25 adult female 
mites could be placed on the lower sur- 
faces of each of two leaves per concentra- 
tion of toxicant. All acaricides were tested 
on the same day and on a uniform age of 
leaf. Counts were made 2 days after treat- 
ment. 

It is important in investigations of sub- 
cuticular residues not only that compari- 
sons be confined to a single variety of leaf, 
but that the leaves should be of the same 
age and condition. The effect of an acari- 
cide on the side of the leaf opposite to the 
one sprayed becomes greater as the leaf 
increases in age and is greater after the 
leaf is severed from the plant. 

An experiment was made to test the 
above factors. Four types of Henderson 
lima bean leaves were used. The “‘young” 
leaves were those present in the “‘two-leaf 
stage” of the growth of the bean plant be- 
fore the second cycle of growth had begun 
to appear. The “old” leaves were the 
leaves of the first cycle of growth after the 
second cycle of growth had already de- 
veloped to a considerable extent. These 
leaves had a yellowish cast as compared 
to the bright green of the “young” leaves. 
Half the leaves, both young and old, were 
severed from the plant before treatment. 
The others were allowed to remain on the 
plant with only the second cycle of growth 
and the roots removed. These plants were 
designated as “‘cuttings.”’ The cuttings 
were placed in bottles of water after the 
leaves were treated. The severed leaves 
were placed on wet cotton in petri dishes 
after treatment as in previous experiments 
described in this paper. 

Appiications of acaricides were made by 
means of a DeVilbiss sprayer, because no 
satisfactory means of treating the un- 
severed leaves in the settling tower could 
be devised. With five strokes of the DeVil- 
biss sprayer about 10 times as much liquid 
was deposited on the leaves as with the 
settling tower. This should be borne in 
mind when examining the data in table 2. 
The leaves were sprayed only on their up- 
per surfaces; no visible quantity of spray 
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Table 2.—The relative effectiveness of sub- 
cuticular residues! of Aramite on severed vs un- 
severed leaves and young vs old leaves. 











CONCEN- 


TRATION OF 
Toxicant AGE OF Position MortTatity 
(Per CeNT) Lear oF Lear (Per CENT) 
0.006 Young Severed 58.7 
0.006 Young On cutting 0.0 
0.006 Old Severed 100.0 
0.006 Old On cutting 73.4 
0.06 Young Severed 100.0 
0.06 Young On cutting 92.0 
0.06 Old Severed 100.0 
0.06 Old On cutting 100.0 





1 The upper surfaces of bean leaves were sprayed by means of 

a De Vilbiss sprayer. Adult female two-spotted spider mites were 
laced on the lower surfaces of the leaves and examined 2 days 
ater. When the leaves were left on cuttings, mites were confined 
to the lower surfaces by means of sticky banding material ap- 
plied along the leaf margins. 

was detected on the opposite surface. As 
soon as the leaves were dry, adult female 
mites were placed on the lower surfaces 
and confined there by means of sticky 
banding material placed along the outer 
margins of the leaves. It was shown by 
Ebeling & Pence (1953) that under such 
circumstances the mites succumb to toxic 
residues within the leaf, that is, the “‘sub- 
cuticular residues.”” The toxicants need 
not penetrate all the way to the surface 
on which the mites are placed. This sur- 
face may be thoroughly washed without 
affecting the mortality of the mites. 

Table 2 shows that, at a given concen- 
tration of toxicant, in this case Aramite, 
the mortality of mites was much greater 
on old leaves than on young leaves and 
also much greater on severed leaves of any 
age than on leaves that were left on the 
cuttings. 

Since the “old” leaves, according to the 
criteria established for this experiment, 
were the predominating type on bean 
plants that had attained a few weeks’ 
growth or more, they were the ones used 
for the tests. They were severed from the 
plants, treated and kept on wet cotton for 
2 days before counts were made. Since the 
leaves were picked from the plants, they 
could be treated by means of the settling 
tower, and the LD50’s could thus be com- 
pared to those of mites placed on the 
treated surface of the leaf. 

The LD50’s for 16 acaricides used 
against adult mites placed on the lower 
surfaces of bean leaves treated on their 
upper surfaces are given in table 1, along 
with the ratios of these LD50’s to those of 
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adult mites placed on the surface of the 
leaf treated. Leaving out demeton, a sys- 
temic acaricide, it required, on the aver- 
age, 18.8 times as much toxicant to kill 
mites on the opposite surface as to kill 
those placed on the surface treated. Con- 
sequently this phenomenon is of practical 
interest to us only because the dosages re- 
quired are often below those commonly 
used in commercial practice, despite the 
fact they may be many times as high as 
those required for direct residual effect. 
That is because the two-spotted spider 
mites are extremely sensitive to some of 
the newer synthetic organic acaricides, 
such as Aramite, Chlorobenzilate, DN-289, 
and the organic phosphates. 

Demeton being a systemic acaricide, 
the relatively small difference between the 
LD50 on the side treated as compared to 
the opposite side (Table 1) is to be ex- 
pected. However, parathion, either as a 
wettable powder or as an emulsifiable con- 
centrate, but particularly in the latter for- 
mulation, and also DMC, are compara- 
tively effective as subcuticular residues. 
On the other hand, malathion, which is 
over seven times as water-soluble as para- 
thion and has a much greater systemic ef- 
fect (Ebeling & Pence 1953), showed some 
of the highest ratios of LD50’s on the op- 
posite surface as compared to those on the 
surface treated (Table 1). 

Tue INFLUENCE OF PARATHION Va- 
pors.—Bean leaves were placed on wet 
paper towelling resting on wet cotton in 
petri dishes and treated with parathion 
emulsions by means of the settling tower. 
Then each treated leaf was cut in half 
along the midrib and one half was placed 
back in the same position as before. The 
removed half was replaced by a smaller 
half-leaf that had not been treated, the 
two half-leaves being about 1 millimeter 
apart. Twenty-five adult female mites 
were placed on each half-leaf. There was 
no tendency of the mites to move from 
one half-leaf to the other. 

The purpose of the experiment was to 
determine to what extent, if any, the va- 
pors from the parathion on the treated 
half-leaf, as well as those from the remain- 
ing area of petri dish, could affect the 
mites on the untreated half-leaf. A con- 
centration of 0.025 per cent actual para- 
thion, from a 25 per cent emulsifiable con- 
centrate, was used in one test and 0.05 per 
cent in another. The 0.025 per cent con- 
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centrate resulted in a 91.8 per cent mor- 
tality of mites on the treated leaf-half and 
no mortality of mites on the untreated 
leaf-half. The 0.05 per cent concentration 
resulted in a 100 per cent mortality of 
mites on the treated half-leaf and a 12.3 per 
cent mortality on the untreated half-leaf. 

The experiment indicated that the va- 
pors of parathion could not have had any 
appreciable influence on any of the LD50’s 
for parathion presented in table 1, for the 
highest LD50 was 0.027 for the mites 
placed on the leaf surface opposite to the 
surface treated. 

Errect oF FoRMULATION ON EFFEC- 
TIVENESS.—It will be noted that with the 
10 acaricides for which both the wettable 
powders and emulsifiable concentrations 
were used, the latter were generally more 
effective. Leaving out Ovotran, with which 
the wettable powder was very dispropor- 
tionately ineffective against the adults, 
and dividing the LD50’s for the wettable 
powders by the LD50’s for the emulsifi- 
able concentrates, the average figures 
were, for the adults, 1.45; larvae, 1.41 and 
eggs, 2.07. An analysis of variance showed 
that the superiority of the emulsifiable 
concentrates to the wettable powders was 
greater for the eggs than for either the 
adults or larvae, that is, 2.07 was signifi- 
cantly greater than 1.45 or 1.41 at P= 
0.01. The latter two ratios were not sig- 
nificantly different. 

It must be borne in mind, when evalu- 
ating formulations, that the relative ini- 
tial effectiveness may not be the principal 
factor affecting the long-term control ef- 
ficiency in the field. Ebeling & Pence 
(1953) showed that, with seven acaricides 
that were applied to avocado trees, in all 
cases the residues from wettable powders 
remained effective against adult two- 
spotted spider mites longer than the resi- 
dues from emulsifiable concentrates. 

SumMARY.—-The LD50°s were deter- 
mined for 16 acaricides used as wettable 
powders, emulsifiable concentrates, or in 
both formulations, against the two-spot- 
ted spider mite on bean leaves. The com- 
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parative susceptibility of different de- 
velopmental stages varied with different 
groups of acaricides. With Aramite and 
the organic phosphates (parathion, mala- 
thion, EPN, Diazinon and demeton) the 
LD50’s for the larvae were higher than 
for the adults. In the case of Chloroben- 
zilate, DMC, R-242 and Compound 876, 
the LD50’s for larvae and adults were sim- 
ilar. With Neotran, Ovotran, compound 
923, Karathane, DN-111 and DN-289, the 
larvae were found to be more susceptible 
than the adults. In the latter group, Neo- 
tran, Ovotran and compound 923 resulted 
in lower LD50’s against the eggs than 
against the adults. With all other acari- 
cides, however, the eggs were by far the 
most resistant stage. With these com- 
pounds it required, on the average, 37.7 
times as much toxicant to effect a 50 per 
cent kill of eggs (topical treatment), as to 
effect a 50 per cent kill of adults (residue 
treatment). The ratio of the LD50’s for 
eggs as compared to adults was particu- 
larly high with the organic phosphates 
and with Aramite, but this is due in part 
to the extremely low concentrations re- 
quired to kill the adults. 

The mortality of adult mites on the 
lower surfaces of bean leaves treated only 
on their upper surfaces was greatly af- 
fected by the age and condition of the 
leaf. The mortality at a given concentra- 
tion of toxicant was greater on the more 
mature leaves and on those that were 
severed from the plant. When non-sys- 
temic acaricides were applied to the upper 
surfaces of bean leaves and adult mites 
were confined to the lower (untreated) 
surfaces, the LD50’s averaged 18.8 times 
higher than when the mites were placed 
on the treated surfaces. The least differ- 
ence was found with parathion and DMC. 

Emulsifiable concentrates were nearly 
always initially more effective than wet- 
table powders against all stages of the 
two-spotted spider mite, but previous ex- 
periments have indicated that the wetta- 
ble powders have longer residual effective- 
ness against the adult mites. 
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The Joint Action of Chlorinated Terpheny! with 
Lindane and with Allethrin 


Curne-Hs1 Tsao, Irwin Hornstein, and W. N. Suutiivan, Entomology Research 
Branch, Agr. Res. Serv., U.S.D.A. 


Previous experiments have indicated 
that the residual toxicity of lindane is in- 
creased by the addition of chlorinated ter- 
phenyl! (Sullivan & Hornstein 1953; Tsao 
et al. 1953). This investigation has been 
continued to determine whether this ac- 
tion of the chlorinated terpheny] with lin- 
dane could be established by topical ap- 
plication, and also whether this terphenyl 
would act similarly with allethrin. 

MaTERIALS AND Meruops.—Acetone 
solutions of the test materials were ap- 
plied topically to house flies, Musca domes- 
tica L., of known sex with a microsyringe 
described by Roan & Maeda (1953). 
Twenty-tive flies, 3 to 4 days old, were 
used in each test. A volume of 1.08 micro- 
liters was applied to each fly when solu- 
tions of lindane and _ lindane-chlorinated 
terphenyl were used, and 1.19 microliters 
of the solutions containing allethrin. After 
the treatment the flies were transferred to 
pint jars, furnished with milk for food, and 
held for observation. Mortality readings 
were taken after 24 hours in tests with al- 
lethrin and after 24 and 68 hours in tests 
with lindane. 

The median lethal concentrations (LC- 
50’s) were obtained from log-probit 
curves. The amount of insecticide per fly 
killing 50 per cent (LD-50) was calculated 
from the LC-50 value and the volume of 
solution applied to each fly, and the rela- 
tive toxicities were calculated from the 
LC-50 values. 

For the tests of residual effectiveness of 
allethrin and allethrin-chlorinated _ter- 
phenyl, known amounts of the solutions 
were poured onto glass plates to make 
deposits equivalent to 10 and 25 mg. of 
allethrin per square foot, and the plates 
were put on a rack in the laboratory for 
aging. After various periods of aging, 
about 100 flies under a petri dish were con- 
fined over the test surface for a certain 
period of time, and then were transferred 
to recovery cages for observation. Knock- 
down readings were taken after 1 hour and 
mortality readings after 24 hours. 

Resuuts.—Topical applications with 
lindane. A preliminary test with male flies 
showed that the lindane-chlorinated ter- 


Table 1.—Per cent mortality of house flies 
from lindane and lindane-chlorinated terphenyl 





mixture (1:2) applied topically.! 





Arter 24 Hours Arter 68 Hours 


MILLIGRAMS Lindane- 

or LiInDANE Chlorin- 
PER ated 

MILLILITER Lindane Terphenyl 





Lindane- 
Chilorin- 
ated 
Terphenyl 


Lindane 





0.00625 0 0 
0125 + 6 
0175 _ _ 
.02 _ -—— 
.025 66 34 
.085 — — 
05 100 94+ 
Check 0 0 





. 022 .029 
024 . 032 
1.00 .76 


LC-50, mg./ml. 
LD-50, ug./fly 
Relative toxicity 





i Two replicates. Two sets of tests on two populations. 


phenyl mixture (1:2) was less toxic than 
lindane alone, and that chlorinated ter- 
phenyl was not toxic at concentrations 
from 0.0125 to 0.1 mg. per milliliter. In 
further tests with female flies, summarized 
in table 1, the lindane-chlorinated ter- 
phenyl mixture was 0.8 as toxic as lindane 
alone and chlorinated terpheny! was not 
toxic at a concentration as high as 10 mg. 
per milliliter. Apparently the presence of 


Table 2.—Per cent mortality after 24 hours of 
house flies from allethrin and allethrin-chlorin- 
ated terphenyl mixture (1:1) when applied topi- 
cally.! 








ALLETHRIN-CHLORIN- 
ATED TERPHENYL 


MILLIGRAMS ALLETHRIN 

or ALLETHRIN. ———_—____—_ 
PER 

MILLILITER 


2 2 
1 Test Replicates 1 Test Replicates 


4 — — 
40 26 
_— 60 
84 90 
100 100 


. 50 .35 .36 . 26 
LD-50, yg./fly .60 .42 .43 31 
Relative toxicity 1.00 1.00 





1 Two sets of tests on two populations. 


the chlorinated terphenyl reduced some- 
what the toxicity of lindane applied topi- 
cally. 

Topical applications with allethrin- 
The results of tests with topical applica- 


1A mixture of chlorinated terpheny] isomers, available com- 
mercially as Aroclor 5460. 
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Table 3.—Per cent mortality after 24 hours of 
house flies from allethrin and allethrin-adjunct 
mixtures (1:1) when applied topically.' 











ALLETH- ALLETH- 
MILLIGRAMS RIN- ALLetH- RIN-CHLO- 
or ALLETHRIN Pipero- RIN- RINATED 
PER ALLETH- NYL n-PROPYL TeEr- 
MILLILITER RIN Buroxine Isome PHENYL 
0.2 18 86 76 22 
8 44 98 96 66 
4 74 100 98 84 
6 88 100 100 98 
8 98 -- ~- — 
LC-75, mg/ml. .42 17 .19 83 
LD-75, ug./fly .50 .20 .23 .39 
Relative toxicity 1.00 2.47 2.21 1.27 
1 Two replicates, 
tions of allethrin ana _allethrin-chlori- 


nated terpheny! mixture (1 :1),summarized 
in table 2, indicate the possibility of in- 
creasing the effectiveness of allethrin with 
this terphenyl. 
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The joint action of the chlorinated ter- 
phenyl! with allethrin was compared with 
that of two standard pyrethrum syner- 
gists, piperonyl butoxide and n-propyl 
isome. The ratio of allethrin to adjunct 
was 1:1. The results in table 3 indicate 
that the alletnrin-chlorinated terpheny] 
mixture was about 1.3 times as toxic as 
allethrin alone. However, the effect of the 
chlorinated terphenyl in increasing the 
toxicity of allethrin was appreciably less 
than that of the other synergists. 

Residual toxicity of allethrin-chlorinated 
terphenyl mixtures.—For the evaluation 
of the residual toxicity of allethrin and 
allethrin-chlorinated terphenyl mixtures, 
the time of exposure required to kill 50 
per cent or more of house flies was used. 
The results, summarized in table 4, show 


Table 4.—Residual toxicity of allethrin and allethrin-chlorinated terphenyl mixtures against house 
flies, as determined by knockdown in 1 hour and mortality in 24 hours.! 








ALLETHRIN 





ALLETHRIN-CHLORINATED TERPHENYL 


1:1 Mixture 


1:2 Mixture 


AGE OF TIME OF Knock Knock- 
Deposit Exposure down kill down Kill down Kill 
Days Minutes Per Cent — Per Cent Per Cent — Per Cent Per Cent — Per Cent 
Deposits of 10 mg. of allethrin per square foct 
1 0.5 91 6 t 2 0 0 
2 100 98 80 12 74 5 
3 100 100 100 100 2 0 
5 onal : 100 85 
10 100 100 
I4 5 0 0 0 0 0 53 
10 0 51 11 100 58 
20 17 1] 100 65 100 56 
34 10 — : - 0 14 
30 f 1+ 22 18 2 36 
60 1] 18 19 23 — 
Deposits of 25 mg. of allethrin per square foot 
15 50 4 0 0 
2 80 85 ; ~ 
3 100 95 
5 100 97 
10 ; ‘i 0 5 5 6 
20 70 8 100 71 
30 100 74 100 56 
34 10 3 10 — —_ — — 
30 10 16 1 3 99 23 
60 —_ ~— 100 30 100 37 
126 15 — — 0 4 
30 0 0 0 1 0 ] 
60 0 0 6 0 1002 73 
120 0 0 94 44 100? 95 





1 Each figure represents a single test. 
2 After 40- to 50-minute exposures. 
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that a l-day-old deposit of 10 mg. of alle- 
thrin per square foot, with or without the 
adjunct, was very effective against house 
flies. Deposits of 25 mg. of allethrin per 
square foot were more effective alone than 
with the adjunct for at least 15 days. 
However, 14- and 34-day deposits of the 
allethrin-chlorinated terpheny! mixtures, 
at least in the ratio of 1:2, gave higher 
mortalities than allethrin alone. By the 
time the deposits had aged for 126 days 
allethrin alone had lost its toxicity com- 
pletely, but the allethrin-chlorinated ter- 
phenyl! deposits still gave high knockdown 
and about 50 per cent or more kill when 
the flies were exposed for 2 hours. Granett 
et al. (1951) found that a 3-month-old de- 
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posit of 144 mg. of allethrin per square 
foot on glass plates gave 50 per cent 
knockdown and 33 per cent mortality of 
house flies after the same period of expo- 
sure. 

SumMarRy.—The joint action against 
house flies, Musca domestica L., of chlori- 
nated terpheny! with lindane and with al- 
lethrin was tested by the topicai applica- 
tion method. The lindane-chlorinated ter- 
phenyl mixture (1:2) was 0.8 as toxic as 
lindane alone, and the allethrin-chlori- 
nated terphenyl mixture (1:1) was 1.3 to 
1.4 times as toxic as allethrin alone. 

As a residual insecticide chlorinated 
terphenyl reduced the initial toxicity of 
allethrin but extended its effective period. 
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C. Roan! and Frank H. Basers,? Entomology Research Branch, Agr. Res. Serv., 


Ferguson & Kearns (1949), working 
with the large milkweed bug, Oncopeltus 
fasciatus (Dall.), suggested that DDT dos- 
ages in excess of the maximum that the in- 
sect can readily metabolize inhibit its 
DDT-metabolizing mechanism. Babers & 
Pratt (1953) were unable to recover any 
DDE from DDT-resistant house flies, 
Musca domestica L., after injection with 
60 micrograms of DDT per fly, but re- 
covered significant amounts from flies in- 
jected with less than 30 micrograms per 
fly. Fisher (1952) found that the locus of 
application of DDT affected the mortality 
of house flies, it being more effective when 
applied to membranous areas or as the 
area of intact cuticle around the applica- 
tion was increased. 

These reports suggested the possibility 
of altering DDT metabolism by changing 
the rate of penetration of topically applied 
doses. This paper presents the results of 
an investigation of two factors that may 
affect the rate of penetration, the concen- 


Factors Affecting the Rate of Penetration of DDT 







U.S.D.A. 





tration of toxicant per unit area and the 
total area covered. 

MaTERIALS AND Merunops. -Adult 
male American cockroaches, Periplaneta 
americana (L.), were selected as the test 
insects. Solutions of DDT in acetone were 
applied topically to the ventral cervical 
membrane with the device described by 
Roan & Maeda (1953). The treated cock- 
roaches were held at a temperature of 26 + 
2° C. Five cockroaches were used for each 
test, and the tests were replicated from 
two to five times. 

Unabsorbed or external DDT was re- 
moved by rinsing the cockroaches and the 
beakers in which they were held with three 
25-ml. portions of redistilled ethyl ether. 

Absorbed or internal DDT was ex- 
tracted by placing the cockroaches in a 
stainless-steel semimicro Waring Blendor 
and grinding them for 2 minutes with 10 

1 Now with the Kansas State College of Agriculture, Manhat- 
tan, Kans. 


? M. Abramovitz made many of the DDT analyses in this in- 
vestigation, 
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to 15 grams of anhydrous sodium sulfate 
and 50 ml. of ether. After about 10 sec- 
onds, the ether was decanted through a 
filter into a 125-ml. Erlenmeyer flask. The 
residue was extracted two more times with 
ether and the extracts combined. The res- 
idue was discarded. The solvent was re- 
moved in a vacuum desiccator at room 
temperature and the flasks were dried 
overnight in the desiccator over calcium 
chloride. The amounts of DDT and DDE 
were determined by the colorimetric pro- 
cedure described by Schechter et al. 
(1945). 

DerreERMINATION OF AMOUNT OF DDT 
AppLigp.—KEKarly in these investigations 
difficulty was experienced in accounting 
for the theoretical administered dose of 
DDT. Vinson & Kearns (1952) have re- 
ported the presence of an unidentified 
metabolite in the American cockroach 
and a considerable loss of DDT or metab- 
olites inside the insect. More recently 
Butts et al. (1953), using DDT labeled 
with C'", reported the presence in treated 
cockroaches of a DDT complex or me- 
tabolite that is not readily ether-soluble. 

The device by which the DDT solution 


was applied in the experiments reported 


herein was essentially a micrometer- 
driven syringe. It had previously been 
calibrated with mercury and also by cop- 
per determinations in insects following 
the injection of an acetone solution of cop- 
per naphthenate. The curves obtained by 
the two methods agreed closely. However, 
it seemed possible that theoretical quan- 
tities of DDT solution would not be ap- 
plied to the insect. This possibility was 
investigated by applying DDT solution 
to cockroaches and immediately dropping 
them into ether. Groups of five were then 
analyzed as described previously, except 
that the external and internal extracts 
were combined. The amount of DDT so 
recovered was considered to be the 
amount applied at the beginning of the 
experiment, time zero. The amount re- 
coverable from filter paper was also de- 
termined. The data obtained are shown 
in table 1. The large differences between 
the theoretical dose and amount recover- 
able caused us in later experiments to dis- 
regard the theoretical dose and to con- 
sider that the amount immediately re- 
coverable from cockroaches in control ex- 
periments run in each series was the 
amount actually applied. The probability 
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Table 1.—Comparison of DDT recovery at 
zero time with the theoretical dose applied to 
cockroaches and filter paper. 








MicroGramMs RecoveRED FROM— 
Filter Paper 

11.9 8.81 .83 

11.9 9.55 .78 

23.8 21.76 5.03 

23.8 18.51 5.87 


THEORETICAL 
Dose, 
MicroGramMs 





Cockroaches 








seems remote that appreciable penetra- 
tion and metabolism would occur in the 
few seconds between the application of 
DDT and its removal by solvents. 

At the higher doses there were frequent- 
ly several dead or prostrate cockroaches 
at the time of assay. Since dead and live 
insects were not separated for analysis, 
cockroaches dying early in the test period 
may have absorbed less DDT than those 
still living at the end of 24 hours. Lind- 
quist et al. (1951) found that flies killed 
with boiling water absorbed only 2 per 
cent of a topically applied dose in 24 
hours. 

Since proteins would be altered and 
some of the cuticular fats or waxes of 
cockroaches removed by boiling, the rate 
of penetration of DDT into insects killed 
by the injection of 1.2 microliters of para- 
oxon 2 hours before the application of 
DDT was compared with the rate of pene- 
tration into those killed by freezing with 
dry ice. It was found that when 37 micro- 
grams of DDT was applied to freeze-killed 
cockroaches, the rate of penetration 24 
hours later was 0.06 microgram per hour 
compared with 0.22 microgram per hour 
in the para-oxon-killed animals. A partial 
explanation of this difference may be 
found in the observations of Roan et al. 
(1950) that upon dissection the heart of 
treated cockroaches was still beating, al- 
though they were prostrate and failed to 
respond to mechanical stimulation. Until 
a definite test for death is devised, exter- 
nal appearances must be relied upon. 

Vincent & Kearns (1952) found pene- 
tration of topically applied DDT to be 
most rapid within the first 24 hours, par- 
ticularly at doses below 50 micrograms 
per cockroach. The effect of solvents on 
the rate of penetration was investigated 
by Roan et al. (1950). 

In the present investigation acetone 
was the solvent of choice. Although it has 
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Table 2.—Penetration of DDT in the American cockroach as affected by variations in the concen- 
tration and volume of acetone solutions topically applied. 








DDT Recoverep DDT Rate OF 
Arter 24 Hours, UNACCOUNTED PENETRATION, 


Dose PER INSECT MIcROGRAMS PER INSECT For, Micro- Micro- 
+ - GRAMS PER GRAMS PER 


Micrograms Microliters External Internal Total INSECT Hour 








Concentration of solution constant, volume varied 

9. 3.6 5.8 9.4 =U, .26 
19. 7.3 10.3 17.6 “7; 49 
39. 21.1 15.9 37.0 —). .78 


Concentration of solution varied, volume constant 
9.2 4.7 2.3 7.0 i. .19 
20. 8.0 3.1 11.1 ~—§. .50 
28 .( 12.7 7.0 19.7 —8. 64 





not been feasible to determine the relation would be little or no effect over a relative- 
of the volume applied to the area of the ly short period. Increases in penetration 
insect covered, it can be safely assumed rate brought about by increasing the vol- 
that equal volumes of solution covered ume applied are subject to even greater 
equal areas. Table 2 shows that the rate limitations. There are few sizeable areas 
of penetration was increased by varying of uniformly constituted exoskeleton. The 
either the volume or the concentration of | volume of material applied to the ventral 
the solution. cervical membrane would soon reach a 


Summary.—As might be expected, point where further spread would be pre- 
these data indicate limiting factors in in- vented by the size of the insect, so that 


creasing the rate of penetration. In addi- there would be an increase either in the 
tion to the effect of premature death, concentration of toxicant per unit area or 
there appears to be an optimum concen- _ in loss by run off. No DDE was recovered 
tration per unit area beyond which there ° or detected in these experiments. 
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Cold Temperature Tolerance of the European Pine 
Shoot Moth in Lower Michigan 


Harovp O. Barzer! and Dantet M. BENJAMIN?3 


In the summer of 1951 a small popula- 
tion of the European pine shoot moth, 
Rhyacionia buoliana (Schiff.), was re- 
ported in a 15-year old red pine plantation 
19 miles west of Cadillac, Mic thigan. This 
infestation was confined to approximately 
3 acres. By 1952 the remaining 50 acres 
were infested; in 1953 the shoot moth was 
present in most red pine plantations from 
Cadillac westward to Lake Michigan. 

It has been generally accepted that low 
winter temperatures are an important 
factor limiting the northern distribution 
of this insect. Overwintering larvae have 
been reported unable to withstand tem- 
peratures below about —18° F. in Con- 
necticut (West 1936). North of the —10° 
I’. isotherm low winter temperatures gen- 
erally prevent economic damage to red pine 
(Craighead 1950). Where winter tempera- 
tures do not attain the lethal level the in- 
sect is a serious problem. 

Because the infestation area in the vi- 
cinity of Cadillac lies within the zone con- 
sidered to be least favorable to the shoot 
moth (Rudolf 1949), one is led to speculate 
whether the survivors are more cold hardy 
than larvae from areas where winters are 
less severe. At Cadillac, for example, win- 
ter temperatures have fallen below the as- 
sumed critical lethal level of —18° F. 11 
times in the last 12 years; during the win- 
ter of 1950-51 the minimum was —43° F. 
and during the 1951-52 winter it was 
—23° F. Despite these low temperatures 
serious populations of the insect have de- 
veloped. At Lansing, Michigan, approxi- 
mately 110 miles to the south, minimum 
temperatures below the —18° F. level on 
the average occur only once in 10 years. 
llere the insect is a serious pest continu- 
ally. The investigations reported herein 
were conducted to compare the cold hardi- 
ness of the shoot moth larvae in the Cadil- 
lac and Lansing areas. 

MATERIALS AND Mrruops.—The cold 
hardiness of the two European pine shoot 
moth populations was investigated from 
two aspects: (1) The resistance of the 
overwintering larvae to low temperature 
exposures was tested in the laboratory,‘ 
and (2) observations were made to eluci- 


date conditions in the field and to supple- 
ment laboratory findings. For the labora- 
tory studies, infested red pine buds were 
collected near Cadillac and Lansing on 
November 13, 1952 and held for 4 weeks 
at 5° C. and a relative humidity between 
72 and 84 per cent. Subsamples contain- 
ing 15 to 20 infested buds each from both 
areas then were placed in a covered fruit 
jar immersed to its top in an alcohol bath 
for varying periods of time at a variety of 
temperatures. Temperature of the alcohol 
bath was regulated at +0.2° C. of the de- 
sired level through the use of a mercury- 
toluene thermostat. 

After exposure the infested buds were 
held at room temperature for 2 hours then 
dissected to determine larval mortality. 
The larvae capable of movement were 
considered to have survived the exposure; 
discolored, swollen, and turgid larvae 
were Classified as dead. Live larvae were 
not reared to determine whether normal 
pupation would occur. 

In the field study 10 infested red pine 
buds in each of nine 1-foot zones above 
the ground were tagged in the Cadillac 
plantation in September 1952. The in- 
fested buds were examined for living lar- 

rae on April 23, 1953. Average snow ac- 
cumulation records were obtained from 
the office of the Cadillac U.S. Forest Serv- 
ice Forest Ranger. 

Resutts.—No larval mortality occurred 
in either the Cadillac or Lansing popu- 
lations exposed in the laboratory to —20° 
C. (—4° F.), for 7 days or less (Table 1 
Exposures of 11 days resulted in 60.0 and 
57.9 per cent mortalities in the Cadillac 
and Lansing populations, respectively. 
After 14 days 100 and 92.0 per cent, re- 
spectively, were dead. The percentage 


1 Graduate Student, Department of Entomology, University 


of Minnesota. 

2 Entomologist, Lake States Forest Experiment Station 
(maintained by U. S. Department of Agriculture, Forest Service, 
in cooperation with the University of Minnesota, St. Paul). 
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of Minnesota, for his helpful suggestions and for critically ex a 
ining the manuscript. Appreciation is also expressed to L. 
Beckwith, Lake States Soret Experiment Station, and R. C 
Fox, Michigan Conservation Dept., for supplying the larval ma- 
terial for the laboratory studies. 

4 Cold temperature exposures were made in the laboratories 
of the Department of Entomology and Economic Zoology, Uni- 
versity of Minnesota. 
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gan exposed to low temperatures. 






Table 1.—Mortality of European pine shoot moth larvae collected at Cadillac and Lansing, Michi- 














—40°C, (—40°F.) 


—20°C, —4°F.) —25°C, (—13°F.) —30°C, (—22°F.) —35°C. (—S81°F.) 
PeRIoD AND F 
PLACE OF No. of | Mortality No. of | Mortality | No. of | Mortality No. of | Mortality | No. of | Mortality 
Exposure | Larvae Per Cent Larvae Per Cent | Larvae Per Cent Larvae Per Cent Larvae | Per Cent 
1 Hour | 
Cadillac 14 0.0 1! 9.1 18 69.2 14 o:7 - "40 84.6 
Lansing 13 0.0 11 18.2 (77 71.4 14 100.0 1 | 100.0 


8S Hours 
Cadillac 18 0.0 13 38. 


Lansing 14 0.0 13 53.8 
24 Hours 

Cadillac li 0.0 14 21.4 

Lansing 12 0.0 13 46.2 
j8 Hours 

Cadillac 12 0.0 14 92.9 

Lansing 12 0.0 14 78 


72 Hours 
Cadillac 11 0.0 14 100.0 


Lansing 


? Days 
Cadillac 
Lansing 


15 0.0 


11 Days 
Cadillac 20 60.0 
Lansing 


14 Days 
Cadillac 10 100.0 
Lansing 












18 100.0 12 100.0 
13 100.0 12 100.0 
18 100.0 
l4 | 100.0 


—_— 
o- 











100.0 
| 100.0 
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mortality increased progressively with the 
time of exposure at —25° C. (—13° F.) 
reaching 100 per cent in both populations 
at the 72-hour level. At —30° C. (—22° 
F.) more than half of the larvae suc- 
cumbed after an hour exposure and all 
larvae died following the 8-hour exposure. 
The differences in average survival at the 
various temperatures between the Cadil- 
lac and Lansing populations were not 
statistically significant. A few Cadillac 
larvae survived 1-hour exposures of —35° 
and —40° C.; no Lansing larvae survived 
these exposures. 

No appreciable mortality occurred in 
the Cadillac larval population at any of 
the nine 1-foot height zones tagged in the 
field studies (Table 2). This was not sur- 
prising as minimum temperatures did not 
fall below —18° F. during the winter, ac- 
cording to unofficial records taken about 
3 miles from the study area. The snow ac- 
cumulation did not exceed 18 inches. 

Discussion.—Laboratory studies failed 
to demonstrate a significant difference in 
cold hardiness of Cadillac and Lansing 
European pine shoot moth larvae. It may 
be assumed, therefore, that these collec- 
tions are representatives of the same gen- 
eral population. On the basis of the grada- 
lion in survival after exposures of varying 





Table 2.—European pine shoot moth over- 
winter survival in red pine buds at various 
heights above the ground. Cadillac, Michigan. 
1952-53. 








Heriecut’ Toran 
ABpove | Bups Empty Live | Deap 
Grounp TacGep, Bups LarvaE | Larvar 


(feet) (number) (number) , (number) | (number 
| ie) 


1 10 8 2 0 
g | 10 7 3 0 
3 10 + 6 0 
4 10 | 6 3 I 
5 10 | 5 5 0 
6 10 3 6 l 
7 10 t 5 ] 
8 10 l 9 0 
9 10 0 9 





time duration at — 25° C. the threshold of 
survival probably lies between —25° and 
—30° C. Undoubtedly survival of unpro- 
tected overwintering larvae will be pre- 
carious below —30° C. Additional studies 
must be made to evaluate survival below 
—30° C. Field observations of overwinter 
survival of the shoot moth are being con- 
tinued in the vicinity of Cadillac. Until a 
combination of lethal temperatures and a 
shallow snow cover occur simultaneously, 
the shoot moth may be expected to be 
troublesome. 
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Comparative Effectiveness of Various Phosphorus and 
Chlorinated Hydrocarbon Insecticides tor 
Control of Cotton Pests! 


L. C. Fire and R. L. WatKer, Entomology Research Branch, Agr. Res. Serv., U.S.D.A? 


Little has been published concerning 
the effectiveness of the various organic 
phosphorus compounds against cotton in- 
sects. Ivy et al. (1953) found that in gener- 
al the methyl homologs were more effec- 
tive against the boll weevil than the cor- 
responding ethyl homologs, but that the 
reverse was true with respect to the cotton 
aphid and the desert spider mite. Young 
et al. (1953) reported that a dust contain- 
ing 2 per cent of methyl parathion plus 5 
per cent of DDT applied at 9 pounds per 
acre did not give effective control of the 
boll weevil, whereas 0.71 pound of EPN 
plus 0.47 pound of DDT and 0.67 pound 
of Metacide per acre in sprays were effec- 
tive. 

At Florence, 5. C., in 1953, the phos- 
phorus compounds, methyl parathion, 
chlorthion, and EPN and the new chlor- 
inated hydrocarbons endrin, isodrin, and 
Strobane were tested in comparison with 
the recommended chlorinated hydrocar- 
hon insecticides BHC, heptachlor, toxa- 
phene, aldrin, and dieldrin. The test in- 
sects included the boll weevil, Anthonomus 
grandis Boh., the cotton aphid, Aphis gos- 
sypli Glov., the cotton leafworm, Alabama 
argillacea (Hbn.), the two-spotted spider 
mite, Tetranychus bimaculatus Harvey, 
and the desert spider mite, 7’. desertorum 
Banks. 

Merruops.—For the experiments with 
dusts (Experiments 1-5) 5 replicates of 5 
treatments in plots 20 to 24 rows wide and 
of sufficient length to be 0.15 to 0.17 acre 
in size, Were arranged in a Latin square. 
In experiments with emulsion sprays (Ex- 
periments 6-8) the plots were 16 rows wide 
and ranged in size from about 0.25 to 0.5 
acre, usually arranged in randomized 
blocks. There were four replicates in ex- 


periment 6 and three replicates in experi- 
ments 7 and 8. In all experiments the 
check plots were outside but adjacent to 
the treated area. 

The dusts and emulsion concentrates 
were obtained from the manufacturers. 
The dusts were furnished in strengths suit- 
able for application and the emulsion con- 
centrates were diluted with water to the 
desired concentration. 

All the dusts were applied with single- 
nozzle rotary hand dusters between day- 
break and 8 a.m., usually in the presence 
of dew and when the air was for the most 
part calm. The sprays were applied with 
a 4-row, horse-drawn, low-pressure, low- 
volume power sprayer. The pump was 
operated by a 13-hp. motor mounted on a 
platform 46 inches above the ground. The 
sprays were applied at about 6 gallons per 
acre, at pressures from 40 to 60 p.s.i. with 
three TeeJet (No. 2) nozzles per row 
throughout the season. 

All insect and spider mite counts as well 
as vield records were made on the 10 mid- 
dle rows of each plot. Counts of aphids 
and spider mites were made by recording 
the number on 50 square inches of leaf 
area per plot. One square inch was ex- 
amined near the base of the main vein on 
the underside of about the fourth leaf from 
the top of the plant. 

Yield records were made by picking all 
seed cotton on about 1/40 acre in the 
dusted plots and on about 1/20 acre in the 
sprayed plots. 

All insecticides except endrin and toxa- 
phene were mixed with DDT to give ap- 
proximately 0.5 pound of DDT per acre. 


_! Presented at the meeting of the Cotton States Branch of the 
Entomological Society of America at Biloxi, Miss., Jan. 25-27, 
1954. 

2 In cooperation with the South Carolina Experiment Station. 
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DDT used alone at this dosage gives little 
or no boll weevil control, but was included 
to control bollworms. 

Resuvts.—Although the boll weevil 
was the most important pest, a dry, hot 
period during the last 3 weeks in July gave 
considerable climatic control of this insect 
as well as second-generation bollworms on 
cotton. Aphid and spider mite infestations 
were low and of little importance through- 
out the season. Both species of spider 
mites were usually found in each field. 

First-generation bollworms on cotton 
‘aused considerable damage in experi- 
ment 4 only. Yields were reduced consi- 
derably in all fields, owing to drought dur- 
ing the latter part of July, and many 
squares and small bolls protected against 
pests were shed or never matured. 

The treatments and data for the eight 
experiments conducted are given in table 
)F 

Chlorthion (Experiments 1, 4, and 5).— 
Chlorthion (0-(3-chloro-4-nitrophenyl) 0, 
0-dimethyl thiophosphate) was tested 
only as a dust, usually with DDT. 

A 2.5 per cent Chlorthion dust gave sat- 
isfactory control of the overwintering 
brood of boll weevils, but was usually less 
effective against the summer broods (after 
about June 25) than the standard 3-5 
BHC-DDT dust mixture. Dusts contain- 
ing 3.5 to 5 per cent of Chlorthion gave 
satisfactory seasonal control of this in- 
sect. 

Chlorthion at 2.5 per cent or more ap- 
plied at about weekly intervals gave ex- 
cellent control of aphids and spider mites. 

All treatments containing Chlorthion 
showed a long residual toxicity against the 
cotton leafworm. Applications made dur- 
ing the latter part of July were still effec- 
tive against a heavy infestation of this in- 
sect during September and October. 

Chlorthion was not effective against the 
bollworm. On June 25 and 30 and July 6 
the bollworm-injured squares that re- 
ceived the 2.5-per cent Chlorthion treat- 
ment in experiment 4 averaged 7.4, 14.6, 
and 7.6 per cent as compared with 2.6, 4.4, 
and 4.2 per cent of those treated with 
BHC-DDT and 4.5, 9.7, and 2.7 per cent 
in the untreated check. 

Except in experiment 1, yields were al- 
ways lower in the plots treated with Chlor- 
thion, regardless of the dosage used, than 
in the plots treated with the chlorinated 
hydrocarbon insecticides at about the 
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recommended dosages. Increases in yield 
for the various Chlorthion treatments over 
the check plots ranged from 333 to 975 
pounds of seed cotton per acre. 

Methyl parathion (Experiments 2, 5, 6, 
and 8).—This insecticide was tested as a 
dust and as a spray, both with and with- 
out DDT. 

The results with methyl parathion were 
somewhat erratic. Applied in a spray at 
0.25 to 0.28 pound per acre or in a 2.5-per 
cent dust, it gave satisfactory control of 
the overwintering brood of boll weevils, 
but it was usually less effective against 
the summer broods than the chlorinated 
hydrocarbon insecticides applied at the 
recommended rates. 

Applied in a spray at 0.33 to 0.5 pound 
per acre methyl parathion gave satisfac- 
tory seasonal boll weevil control. At 0.33 
pound it gave control equal to that of al- 
drin at 0.29 pound, but at 0.5 pound it 
was significantly better than aldrin and 
about equal to endrin at 0.2 pound (Ex- 
periment 6). 

Methyl parathion-DDT sprays were 
less effective against the boll weevil than 
BHC-DDT, heptachlor-DDT, _ isodrin- 
DDT, or endrin applied at the same dos- 
ages (Experiment 8). 

At 0.25 pound or more per acre applied 
at about weekly intervals in a dust or 
spray methyl parathion gave effective con- 
trol of aphids and the two species of spider 
mites; the infestation of these pests was 
usually much lower after treatments with 
methyl parathion or Chlorthion than with 
the chlorinated hydrocarbon insecticides. 
Methyl parathion showed the same long 
residual toxicity as Chlorthion against the 
cotton leafworm. Plots treated with either 
of these phosphorus compounds had nor- 
mal green foliage through September and 
October, while plots treated with the 
chlorinated hydrocarbon insecticides were 
almost completely defoliated. 

Yields in the plots treated with methy| 
parathion were not significantly different 
from those in plots treated with the rec- 
ommended insecticides. Gains in yield 
over the untreated check plots ranged 
from 14 to 467 pounds of seed cotton per 
acre. 

EPN (Experiments 2 and 6).—EPN 
was tested both in a 2.5-per cent dust and 
in a spray at 0.5 pound per acre, always 
mixed with DDT. The results with EPN 
were also somewhat erratic. In both ex- 
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Table 1.—Control of cotton pests with phosphorus and chlorinated hydrocarbon insecticides. 








Per Cent or WEEVIL- 
PuNCTURED SQUARES NUMBER PER SQUARE Powunps or SEED 
Incu or Lear Corton PER ACRE 
PouNpDs OR Average of - —_— 
GALLONS Tors Spider Gain Over 
TREATMENTS! PER ACRE Initial Records Aphids Mites Total Check 











Experiment 1, 8 applications, June 11 to July 23 
Dusts:* 

BHC 3+DDT 5 
Heptachlor 2.5+DDT 5 
Isodrin 2.5+-DDT 5 

5.0+DDT 5 
Chlorthion 2.5+-DDT 5 
Check, none 


Experiment 2, 8 applications, June 10 to July 22 


BHC 8+DDT 5 , 14.6 16.3 8 
Aldrin 2.54+-DDT 5 ; 13.2 14.3 . 
Methyl parathion 2.5 .6 11.0 13.5 0 

2.5+DDT 5 .6 12.4 14.8 0 
EPN 5+DDT 5 10.3 11.6 18.2 5 
Check, none — 20.0 54.3 1.6 


7 


Experiment 3, 9 applications, June 9 to July 28 


BHC 3+DDT 5 11.2 31.6 26.3 i. 
Toxaphene 20 12.0 29.2 18.3 .§ 
Strobane 20 9.§ 28.6 24.4 1.6 
30 ; 29.6 20.8 1.§ 
20+DDT 5 ; 30.2 17.9 1 
Check, none 37.0 66.6 


Experiment 4, 9 applications, June 11 to July 28 
Dusts:? 
BHC 8+-DDT 5 ‘ 41.0 26.1 
Chlorthion 2.5 , 36.4 30.1 
2.5+DDT 5 .< 38.6 33.4 
8.5+DDT 5 \ 27.4 27.7 
5.0+DDT 5 11.2 35.0 25.6 
Check, none _— 54.5 74.5 


Experiment 5, 8 applications, June 9 to July 22 


BHC 8+DDT 5 10.8 24.4 17.0 
Isodrin 2.54+DDT 5 9.0 27.4 14.6 
Strobane 20 9.7 30.6 20.4 
Methyl parathion 2.5+DDT 5 12.0 21.4 19.4 0 
Chlorthion 2.54+-DDT 5 10.6 31.8 20.6 0 
Check, none — 38.0 66.6 1 


Experiment 6, 7 applications, June 11 to July 17 


Ca 
‘ 


Sprays: 

Aldrin 0.294+-DDT 0.5 6 
Endrin 0.2 6 
0.3 6 

0.4 6 

0.2+Methyl parathion 0.1 6 

Methy] parathion 0.25 6 

0.25+DDT 0.5 6 

0.38+-DDT 0.5 6 

0.50+DDT 0.5 6 

EPN 0.5+DDT 0.5 6 
Check, none _ 


One Or) Ow 


SRW SHUN oS WW 
cocecec]eco 
mo ocococoo 


CAs 


2 


Experiment 7, 8 applications. June 9 to July 27 
Sprays: 

Dieldrin 0.21+DDT 0.5 6 

BHC 0.88+DDT 0.5 
Heptachlor 0.25+-DDT 0.5 6 
Isodrin 0.2+DDT 0.5 6 
0.8+DDT 0.5 6 
0.4+DDT 0.5 6 
Endrin 0.3 6 
Strobane 2.0 6 
6 
6 


0.9 
a 
1.5 
9 


woe 


3.0 
2.0+0.5 
Check, none 


DOW Sn www OD 
Or “Tim tO 20 Hm HBV 


wIwoso-: 


1. 
Experiment 8, 8 applications, June 9 to July 2 


1 
11.7 : 8 


BHC 0.28+DDT 0.48 
20.0 


Heptachlor 0.28+-DDT 0.48 
Isodrin 0.28+DDT 0.48 

Endrin 0.28 

Methyl parathion 0.28+-DDT 0.48 
Dieldrin 0.19+-DDT 0.48 

Strobane 2.4 

Check, none 


| aaaeane § 


WoSweRH ID 





Dosages of BHC refer to the gamma isomer. 
? Figures in per cent. 
* Figures in pounds per acre. 
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periments, however, it gave good control 
of the overwintering brood of boll weevils, 
EPN-DDT dust was less effective against 
the summer-brood weevils than the BHC- 
DDT or aldrin-DDT dusts applied at 
about the recommended rates. In a spray 
at 0.5 pound per acre, it gave seasonal con- 
trol of the boll weevil equal to that of al- 
drin at 0.29 pound, but it was less effec- 
tive than endrin at 0.2 pound or methyl 
parathion at 0.5 pound. 

Yields in the EPN-treated plots were 
comparable to those in plots treated with 
the standard insecticides; gains in yield 
over the untreated check plots ranged 
from 241 to 436 pounds of seed cotton per 
acre. 

Strobane (Experiments 3, 5, 7, and 8). 

-‘Strobane (chlorinated mixture of alpha- 
pinene isomers) was tested in a dust and 
in a spray, sometimes mixed with DDT. 
At 2 pounds per acre it gave effective sea- 
sonal control of the boll weevil. At this 
dosage it compared favorably with BHC- 
DDI, dieldrin-DDT, heptachlor-DDT, 
and toxaphene applied at about the rec- 
ommended rates of application. 

The addition of DDT to Strobane in a 
ratio of 1 to 4 greatly increased the effec- 
tiveness of the treatment against the boll 
weevil. This spray mixture was more ef- 
fective against this insect than were diel- 
drin-DDT, BHC-DDT, and heptachlor- 
DDT applied at approximately the rec- 
ommended dosages, and was about equal 
in effectiveness to endrin or isodrin at 0.3 
pound per acre. 

Strobane at 2.4 pounds per acre in a 
spray was more effective than mixtures 
containing BHC, heptachlor, and methyl! 
parathion at 0.28 pound plus DDT at 0.48 
pound per acre. 

Yields in all plots receiving Strobane 
were not significantly different from those 
in plots treated with the standard insecti- 
cides at the recommended dosages. Gains 
in yield over those in the untreated check 
plots ranged from 292 to 1,015 pounds of 
seed cotton per acre. 

Endrin (Experiments 6, 7, and 8). 
This insecticide was tested only in a spray. 
Endrin at 0.2 pound per acre gave effec- 
tive seasonal control of the boll weevil and 
was more effective than aldrin-DDT, 
methyl parathion-DDT (0.33+0.5 pound), 
and EPN-DDT (Experiment 6). 

At 0.28 to 0.3 pound per acre endrin was 
more effective against boll weevils than 
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aldrin-DDT, BHC-DDT, and heptachlor- 
DDT applied at about the recommended 
rates of applications. At these dosages 
endrin gave control equal to that of iso- 
drin-DDT (0.3+-0.5 pound), Strobane (2.4 
to 3 pounds), and Strobane-DDT (2+-0.5 
pound) (Experiments 7 and 8). 

Yields in the endrin-treated plots, re- 
gardless of the dosage used, were not sig- 
nificantly different from yields in the plots 
treated with the standard insecticides ap- 
plied at the recommended rates. Gains in 
yield over the untreated check plots 
ranged from 58 to 746 pounds of seed cot- 
ton per acre. 

Tsodrin (Experiments 1, 5, 7, and 8).— 
This compound was tested in dusts and 
sprays, all being mixed with DDT. A dust 
containing 2.5 per cent of isodrin plus 5 
per cent of DDT gave effective seasonal 
control of the boll weevil and gave control 
equal to that with the standard dust mix- 
tures. 

Isodrin-DDT (0.2+0.5 pound) spray 
gave weevil control equal to that with 
BHC-DDT, heptachlor-DDT, and diel- 
drin-DDT sprays applied at about the 
recommended rates. Applied in sprays, 
isodrin-DDT (0.28+0.48 pound) was 
more effective than BHC-DDT, hepta- 
chlor-DDT, or methyl parathion-DDT 
applied at the same rates. Isodrin-DDT 
(0.28+-0.48 pound), dieldrin-DDT (0.19+- 
0.48 pound), endrin (0.28 pound), and 
Strobane (2.4 pound) were about equally 
effective against the boll weevil. 

Yields in all the plots treated with 
isodrin-DDT compared favorably with 
those in plots treated with the recom- 
mended insecticides; gains in yield over 
the untreated check plots ranged from 305 
to 576 pounds of seed cotton per acre. 

SumMMARY.—Several phosphorus com- 
pounds and chlorinated hydrocarbon in- 
secticides were tested against the boll 
weevil, Anthonomus grandis Boh., the cot- 
ton aphid, Aphis gossypii Glov., the cot- 
ton leafworm, Alabama argillacea (Hbn.), 
the desert spider mite, 7'etranychus deser- 
torum Banks, and the two-spotted spider 
mite, 7’. bimaculatus Harvey, at Florence, 
S. C., in 1953. 

The new insecticides methyl parathion, 
Chlorthion, EPN, endrin, isodrin, and 
Strobane were compared with the recom- 
mended insecticides BHC, heptachlor 
toxaphene, aldrin, and dieldrin. 

Methy] parathion applied at 0.25 pound 
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or more per acre both in a dust or spray 
and a 2.5-per cent Chlorthion dust gave 
satisfactory control of the overwintering 
brood of boll weevils but were less effec- 
tive against the summer broods than the 
standard insecticides applied at the rec- 
ommended rates. 

At 0.35 to 0.5 pound per acre Chlorthion 
in a dust and methyl parathion in both 
dusts and sprays usually gave good sea- 
sonal control of the boll weevil; at 0.25 
pound per acre they were effective against 
the cotton aphid and two species of spider 
mites and both showed a long residual 
toxicity against the cotton leafworm. 

In two out of three experiments, yields 
were lower in the Chlorthion-treated plots, 
regardless of the dosage used, than in plots 
treated with the chlorinated hydrocarbon 
insecticides. 
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The results with EPN were somewhat 
erratic; at 0.5 pound per acre in both a 
dust and spray it was effective against 
the overwintering brood of boll weevils 
but against the summer-brood weevils 
the results were not consistent. Like the 
other phosphorus compounds, it gave a 
long residual toxicity against the cotton 
leafworm. 

Strobane at 2 pounds per acre gave effec- 
tive seasonal control of the boll weevil. In 
two experiments the addition of DDT to 
Strobane increased the effectiveness of the 
treatment against this insect. 

Endrin gave good seasonal boll weevil 
control at 0.2 pound per acre and at 0.3 
pound it was outstanding in this respect. 

Isodrin compared favorably with en- 
drin at the same dosage level for boll 
weevil control. 
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Some Effects of Treating Muskmelons with Insecticides! 


W. D. Fronk and L. E. Petrrerson,? Iowa Agricultural Experiment Station, Ames 


The striped cucumber beetle, Acalymma 
vittata (F.), is usually an important factor 
in the production of muskmelons in the 
sand-land truck crop area around Musca- 
tine, lowa. The adult beetles not only de- 
stroy or seriously injure seedlings emerg- 
ing from the soil but also act as vectors of 
bacterial wilt which causes a further re- 
duction in stand later in the season. In 
addition, beetle larvae attack the fruits 
resting on the soil and injure the rind so 
that there is more likelihood of breakdown 
during shipment. The spotted cucumber 
beetle, Diabrotica undecimpunctata how- 
ardi Barb., is of lesser importance in this 
area because the crop is usually harvested 
before damaging populations develop. 

Review or Lirerature.—Many at- 
tempts have been made to control the 
striped cucumber beetle on muskmelons 
but none was fully satisfactory until the 
advent of organic insecticides. MacCreary 


(1947) reported complete control with 5 
per cent dusts of methoxychlor, chlordane, 
BHC or purified DDT. Rotenone and 
sabadilla gave at least 95 per cent control. 
Aldrin and dieldrin have also been very 
effective in controlling Diabrotica beetles 
on melons (Michelbacher et al. 1951). 

From the standpoint of phytotoxicity, 
the advantages of purified DDT over the 
technical form for treating muskmelons 
have been pointed out by Alban & Keirns 
(1948) and Sleesman & Wilson (1948). 
Weigel et al. (1951) reported that techni- 
‘al DDT reduced the yield of muskmel- 
ons; however, other workers have reported 
that no detrimental results followed its 
use on this crop (Stearns et al. 1947, An- 
derson & Hoffmaster 1948). Injury to 
muskmelons by chlordane (Brooks & An- 
1 Journal Paper No. J2493 of the Iowa Agricultural Experi- 
ment Station, Ames, Iowa. Project 1103. 


? Department of Zoology and Entomology and the Depart- 
ment of Horticulture, respectively. 











808 


Table 1.—Effect of insecticidal dusts on musk- 
melons. Muscatine, Iowa. 1949. 




















Fruit 
No, 
Per Witt- VINE 
Num- Cent Kitten Lenota 
TREATMENT Pounds ber Injured Vines (INcues) 
Button dust! 1241 446 63.0 3 602 
Dieldrin, 2.5% 1189 431 8.8** 3 788 
Calcium Arsenate 1189 429 40.0* 6 751 
Aldrin, 2.5% 1212 391 15.8°* 8 674 
Methoxychlor, 5% 1112 405 54.6 6 715 
CS 645A, 5% 1150 430 55.0 4+ 686 
DFDT, 3%? 1082 392 55.7 4 590 
Chlordane, 5% 1191 423 90.7°° + 792 
BHC, 1% gz.i. 1161 427 15.8** 0 645 
DDT, 38% 1214 425 28.9** 1 919 
Rotenone, 0.75% 1054 $77 28.7°* 5 913 
Toxaphene, 5% 903 870 $5.4* 0 611 
Parathion, 2% 1124 419 43.3 5 831 
CPR 208 1097 399 45.7 4 806 
Check 1035 381 48.1 10 809 
L.S.D. .05 7.09 
Ol 9.55 





1 A byproduct from manufacture and polishing clam shell but- 


tons. 
2 Difluoropheny! trichloroethane. 

3 Pyrethrum, rotenone, piperonyl cyclonene mixture supplied 
by U. S. Industrial Chemical Co. 


derson 1947), and by malathion and systox 
(Wilson & Sleesman 1952) have also been 
noted. 

Meruops AND Resutts.—All tests were 
conducted in the Muscatine Island Area 
of Iowa. Hale’s Best variety was used in 
all experiments. Dusts were applied by 
means of a rotary hand duster, and sprays 
were applied to the point of run-off with a 
3-gallon knapsack sprayer. No fungicides 
were used, 

Insecticide Screening.—Tests in 1949 
and 1950 were made to find promising 
insecticides for use on muskmelons. Plots 
in 1949 were five rows wide and 46 feet 
long with a 7-foot spacing between rows. 
Each treatment was replicated three 
times. Dust treatments (Table 1) were ap- 
plied at weekly intervals from May 5 to 
June 15. On June 20, in order to get an 
indication of possible phytotoxicity, the 
length of vine was measured on six plants 
selected at random from the middle row of 
each plot. Numbers and weight of fruits, 
number injured by beetle larvae, and 
number of vines killed by bacterial wilt on 
the middle three rows of each plot were 
recorded. 

In 1950 plots three rows wide and five 
plants long were used. Each treatment 
(Table 2) was replicated six times. All 
sprays were a 1:400 dilution, except 
TDTP® which was used at 1:800. Appli- 
cations of insecticides were made weekly 
between May 18 and June 22. Records in 
terms of weight of fruit, number of fruit, 
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larval-injured fruit, and vine length were 
recorded for the middle row of each plot. 

As can be seen from tables 1 and 2, the 
only criteria showing significant differ- 
ences after treatment were percentage of 
injured fruit in 1949 and vine length in 
1950. In both years the number of vines 
killed by wilt in the untreated checks was 
quite low. In 1950 an analysis of covari- 
ance showed that the number of fruit pro- 
duced after August 11 (which is about 
mid-season in the muskmelon harvest in 
this area) was not influenced significantly 
by the treatments. 

Frequency and Duration of Treatments. 
—Tests were made in 1951 to study the 
effects of number of insecticide applica- 
tions and the length of the interval be- 
tween them, using the most promising in- 
secticides from the previous tests. Each 
plot, one row wide, was arranged as a split- 
plot with each sub-plot being 26 feet long. 
Each plot was divided into three sub- 
plots of which one was treated every 8 
days, one every 5 days and one every 7 
days. Sub-plots were again divided into 
three sub-sub-plots, one of which received 
applications for a period of 3 weeks one 
for 4.5 weeks, and one for 6 weeks. Each 


3 Tetraethy] dithionophyrophosphate. 


Table 2.—Effect of insecticides on muskmel- 
ons. Muscatine, Iowa. 1950. 

















Fruit 
No. 
Per Wittr- ~—s*VINeE 
Num- Cent Kitten Lenotn 
TREATMENT Pounds ber Injured Vines (INcHEs) 
Sprays 
DDT 107.0 50 12.0 3 35.6 
Methoxychlor 127.0 57 10.5 1 34.1 
Chlordane 106.0 54 1.8 1 29.6 
Heptachlor 100.5 44 6.8 5 39.0** 
CS-708 112.5 50 8.0 1 $7.5°* 
Dieldrin 110.5 52 3.8 5 38.4°** 
Aldrin 115.5 53 13.2 6 40.5** 
Rotenone 98.5 46 4.3 6 30.9 
Lindane 101.5 48 8.3 3 36.7 
-137 117.5 54 83.3 3 $9.4** 
DE 117.0 55 16.4 + 40.4** 
Metacide 95.5 44 11.4 0 $2.7 
TDTP! 120.5 57 8.8 1 35.3 
DDT-parathion? 105.0 53 26.4 1 31.1 
EPN 107.0 54 3.7 4 $7.3 
Dusts 
DDT, 3% 117.0 58 5.2 8 83.8 
Methoxychlor, 5% 124.5 57 10.5 2 $5.3 
Heptachlor, 5% 115.5 59 5.1 2 $9.3** 
Button dust 112.5 53 9.4 5 36.8 
Dieldrin, 2.5% 106.5 7 2.1 7 40.9°* 
Aldrin, 2.5% 118.5 58 1.7 3 38.8** 
TDE, 5% 121.5 61 27.9 3 36.4 
Rotenone, 0.75% 98.0 51 23.5 7 $5.6 
Check 109.5 56 17.9 2 $2.3 
L.S.D. .05 4.67 
01 6.17 





1 Tetraethyl dithionophyrophosphate supplied by Monsanto 
Chemical Co. ‘ 

2 Technical DDT, 25%, plus parathion, 3%, supplied by Gen- 
eral Chemical Division, Allied Chemical & Dye Corporation. 
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Table 3.—Effect of insecticides on muskmelon 
by combining results of the duration and interval 
treatments. Muscatine, Iowa. 1951. 























Fruit PreR No. 
-— Cent Witr- VINE 
Num- In- Kittep LENGTH 
Treatment Pounds _ ber gurep Vines (INcHEs) 
DDT 39.3 21.1 oer: 1.2 253 
Methoxychlor 40.3 20.9 13.2 1.8 271 
Heptachlor 40.2 21.3 11.9°° @.9° 283 
Lindane : 40.8 21.9 14.1 1.3 290 
DDT-parathion 35.9 20.5 6.1°*- 0.6% 254 
Check 39.3 20.8 17.5 1.5 277 
L.S.D. .05 2.81 3.50 0.49 
Ol 3.80 4.74 0.67 
treatment was replicated six times. The 


first application was made June 3. DDT, 
methoxychlor and DDT-parathion mix- 
ture were diluted 1:400; lindane and 
heptachlor, 1:800. Data were collected as 
in previous tests. 

In order to show the effects of the indi- 
vidual insecticides in these tests, the re- 
sults of the duration and interval treat- 
ments are combined and summarized in 
table 3. There were significant differences 
among the treatments in weight of fruit 
produced, percentage of injured fruit, and 
number of wilt-killed vines. There were 
significant differences among the three 
intervals of treatment in weight and num- 
ber of fruit produced and in length of 
vine (Table 4). In all cases the highest 
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yield was produced at the longest inter- 
val. Significant differences were shown 
among the three durations of treatment 
when considered from the standpoint of 
injured fruit and the number of plants 
killed by wilt (Table 5). 

Dilution of Insecticides.—Dosage rate 
was investigated in 1952 by using lindane, 
heptachlor, DDT and methoxychlor at 
various dilutions. Single row split plots 
were used with each sub-plot being 40 
feet long. Each treatment was replicated 
eight times. The rates of dilution were 
1:200, 1:400 and 1:800, except for lindane 
which was used at 1:400, 1:800 and 1: 1200. 
Data were collected as in previous years. 

In these tests there were no significant 
differences in stand, yield, number of fruit, 
number of wilted plants or vine length. 
Plots treated with heptachlor diluted 
1:800 produced the greatest weight and 
number of fruit and the greatest vine 
length. The least number of wilted plants 
was found in the DDT-treated plots. Vine 
growth was shortest and yield lowest in 
the plots treated with DDT diluted 1: 200. 

Discussion.—It was not possible to 
show significant differences in yield due to 
treatments in these tests. However, plots 
treated with DDT, methoxychlor, aldrin, 
lindane or heptachlor usually produced 
higher yields than the untreated checks, 


Table 4.—Effect of insecticides at various intervals on weight and number of fruit and on length 


of muskmelon vine. Muscatine, Iowa. 1951. 




















INTERVAL MetHoxy- Hepta- DDT- 
(Days) DDT CHLOR CHLOR LINDANE PARATHION CHECK 
Weight of fruit (pounds) 
3 36.6* 38.8 37 .0* 41.1 $3.7 
5 39.8 40.6 39.0 39.6 $7.2 
7 42.6 41.6 44.5** 41.7 37.0 39.5 
L.S.D. between treatment and check .05 2.32 
01 3.09 
Number of fruit 
3 19.7 19.9 20.4 21.9 19.4* 
5 21.1 Si. 20.8 21.5 20.9 
7 22 .4* 21.3 22 .8** 22 .Q** 21.0 20.8 
L.S.D. between treatment and check .05 1.13 
01 1.50 
Vine Length (inches) 
3 237 .6 268 .2* 269.4 291.1** 223 .6** 
5 259.7 277.5 288 .7* 293 .1** 266 .3* 
7 260.6 271.2 291 .4** 287.1 271.2 277 .2 
L.S.D. between treatment and check .05 10.33 


Ol 
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Table 5.—Effect of insecticides at various durations of treatment on percentage of injured fruit and 
number of vines killed by bacterial wilt. Muscatine, Iowa. 1951. 








DURATION OF 
TREATMENT 
(WEEKs) DDT 


MerTHOoxy- 


Percentage of fruit injured 
15.6 9.3 6.4** 


3 | as 15.7 
4.5 10.4** 
6 SD om 


L.S.D. between treatment and check 


CHLOR CHLOR 


Hepta- DDT- 


LINDANE 


PARATHION CHECK 


6 8.3** 
Ore 3 6** 


Number wilt-killed plants 


g** 
mt 
2.1** 


3 


L.S.D. between treatment and check 05 
O01 


1.39 
0.67** 
0.61** 





This was also true of those plots treated 
with materials related to DDT, such as 
TDE and Q-137. 

In 1949, dieldrin, aldrin and BHC were 
the most efficient insecticides in reducing 
larval injury to fruit. In 1950, chlordane, 
and EPN were added to this list of very 
effective insecticides. There were no sig- 
nificant differences among the different 
intervals of treatment in the number of 
larval damaged fruit, but, as might be 
expected, the total duration of treatment 
did show significant variation. The long- 
est period of treatment reduced signifi- 
cantly the larval damage. 

Heptachlor, DDT-parathion mixture 
and DDT were the most important insec- 
ticides in reducing the number of wilt- 
killed vines. There were no significant dif- 
ferences among the intervals of treatment 
in the number of vines killed by wilt, but 
there were differences in the duration of 
treatments. Obviously the beetles were 
controlled sufficiently between treatments 
but were able to infect the vines with wilt 
if the treatments were stopped too soon. 

Vine length is one of the best criteria 
for measuring phytotoxicity. Tests in 1949 
showed that DFDT, toxaphene, BHC and 
heavy applications of button dust could 
not be used on muskmelons because of 
their phytotoxic effects. Although none of 
the materials tested in 1950 caused a sig- 
nificant reduction in vine growth, some 
treated plants made less growth than 
others. The least growth occurred in 
plants treated with chlordane, rotenone 
spray, and DDT-parathion mixture. Sta- 


tistical analysis showed that the interval 
between treatments played a part, but 
how much was due to plant stimulation, 
on the one hand, or to retardation, on the 
other, is unknown. Duration of treatment 
up to 6 weeks, showed no significant dif- 
ferences. As would be expected, the less 
dilute sprays of certain compounds caused 
greater plant injury than the more dilute 
sprays. With the exception of EPN, all of 
the sprays which caused a significant in- 
crease in vine elongation were chlorinated 
hydrocarbons. 

In general, it can be stated that, among 
the duration of treatments, significant 
differences could be found in those fac- 
tors having to do with the beetle popula- 
tion itself, 7.e., the differences lay in the 
number of vines killed by wilt and in the 
percentage of larval-injured fruit. On the 
other hand, the interval between treat- 
ments showed its differences more upon 
the plants themselves, i.e., the differences 
lay in factors as weight and number of 
fruit and in the length of vine. 

SumMaAryY.—Hale’s Best muskmelons at 
Muscatine, Iowa, were treated during the 
seasons of 1949-52 inclusive with various 
insecticides; effects on the population of 
the striped cucumber beetle, Acalymma 
vittata (F.), and on the condition of the 
muskmelon plants were noted. 

Plots treated with methoxychlor, al- 
drin, lindane, heptachlor and_ purified 
DDT usually produced more fruit than un- 
treated checks, although the differences 
were not significant. . 

There was a significant increase in 
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vield from plots treated every 7 days over 
hose treated every 3 days. Plots treated 
or 6 weeks yielded no more than those 
ireated for only 3 weeks. 

Plots treated with dieldrin, aldrin, 
chlordane, BHC, EPN and DDT-par- 
athion mixture had the least amount of 
fruit injured by the larvae of the striped 
cucumber beetle. DFDT (an analog of 
DDT), toxaphene and BHC were so 
phytotoxic to Hale’s Best muskmelon 
that their value for insect control was 
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nullified. Plants treated with heptachlor, 
CS-708, dieldrin, aldrin, Q-137, TDE, 
EPN and purified DDT had significantly 
greater vine growth than the untreated 
checks. 

Among the various durations of treat- 
ment significant differences were found in 
those factors having to do with the beetle 
population, and in the interval between 
treatments significant differences were 
found in those factors relating to the 
plants themselves. 


LITERATURE CITED 


Alban, E. K., and V. E. Keirns. 1948. The effect of rotenone, commercial and aerosol grade DDT dusts 
on the total yield, grade and maturity of several cucurbit varieties. Proc. Amer. Soc. Hort. Sci. 


51: 448-52. 


Anderson, L. D., and R. N. Hoffmaster. 1948. Control of pickleworms on cucumbers and cantaloupes. 


Jour. Econ. Ent. 41(2): 334-5. 
Brooks, W., and L. D. Anderson. 1947. 
220-8. 


Toxicity of some new insecticides. Jour. Econ. Ent. 40(2): 


MacCreary, D. 1947. Results with insecticides for control of cucurbit insects. Peninsula Hort. Soc. 
Trans. 37: 65-70. 

Michelbacher, A. E., W. W. Middlekauff, and L. C. Glover. 1951. Studies with aldrin and dieldrin 
against melon insects. Jour. Econ. ENT. 44(3): 390-3. 

Sleesman, J. P., and J. D. Wilson. 1948. Cucumber and muskmelon dusting experiments in 1947. Proc. 
Ohio Veg. Potato Growers Assoc. 33: 64-8. 

Stearns, L. A., W. L. Parker, D. MacCreary, and W. A. Connell. 1947. A chlorinated bicyclic terpene 
to control certain fruit and vegetable insects. Jour. Econ. Ent. 40(1): 79-83. 

Weigel, C. A., A. C. Foster, and R. H. Carter. 1951. Effects on truck crops of DDT applied to the 
foliage. U.S.D.A. Tech. Bul. 1034. 

Wilson, J. D., and J. P. Sleesman. 1952. The control of cucumber and muskmelon diseases and insects 
Proc. Ohio Veg. Potato Growers Assoc. 37: 142-62. 


kstimates of Populations and Sampling Variance of European 
Chafer Larvae from Samples ‘Taken during the 
First, Second and Third Instar' 


R. H. Burrage? anp GrorGe G. Gyrisco, Cornell University, Ithaca, New York 


In Wayne, Ontario, Onondaga and 
Monroe counties of New York state, the 
the larvae of the European chafer, Am- 
phimallon majalis (Raz.) are serious pests 
of permanent pastures, where they feed 
extensively upon the fine roots and root 
hairs of grasses and clovers. 

The insect completes its life cyele in 1 
year. The eggs are laid in the soil, in late 
June and early July, and the first instar 
larvae which are small and cause rela- 
tively little damage appear first in July. 
The second instar larvae are larger and 
feed for from 4 to 5 weeks before they 
moult. The third stage is the last and most 
important one in the development of the 
larva, and because of its size and activ- 


ity, it is the most injurious form of the in- 
sect. Third instar larvae appear in late 
August or September, feed until early 
winter, and migrate downward into the 
soil until sometime in March of the fol- 
lowing year. Then they migrate upward to 
root level and feed again until May, when 
the prepupal and pupal stages are formed. 
The beetles, which cause no economic in- 
jury, begin to appear in late June; they 


1 Thanks are given to W. G. Evans, A. A. Muka, Lemac Hop- 
kins and D. 5. Marshall who donated time and labor to the de- 
velopment of some of the work reported here. Special thanks are 
also given to Dr. R. E. Bechhofer, Visiting Professor in the 
Biometric Unit of the Department of Plant breeding at Cornell 
University for his aid in interpreting the data and for other tech- 
nical assistance. 

2 Now Entomologist at the Dominion Entomological Labora- 
tory at Saskatoon, Saskatchewan. 
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Table 1.—European chafer larvae in foot- 
square sampling units of permanent pasture sod. 
Irving DeCann Farm, Ontario County, New York. 
1951-52. 








ToTaL 

TRANS- 

FORMED 
ToTaL TO 


MEAN 
(TRANs- 
FORMED 

Data) 


TIME OF 


InstaR SAMPLING LarvaE! 41/x2 


July 7 2.6 
1951 36 .0 
70 3.3 

23 5 


First 


August 30 
1951 22 

5 

10 


Second 


© we) Or 


November 96 
1951 149 
60 

23 


Third 


21 DW 


. 
— 


Third May 48 
1952 6 
45 

33 


L.S.D. between instar means (trans- 


formed data) at .01 level 1.79 





1 Each record gives total larvae found in 20 foot-square sam- 
pling units. 

? For analysis of variance each plot total was transformed to 
vx, where x is the observed total count. 


emerge each evening during the “flight 
season,” when the weather is suitabie, and 
fly mainly to trees in the vicinity of the 
infestation. There they mate on the foli- 
age, remain there until early the following 
morning, and return to the soil. 

In ecological and chemical control in- 
vestigations, frequently it is necessary to 
obtain estimates of the density of Euro- 
pean chafer larval populations, in small 
plots and in complete permanent pasture 
areas. Very little is known of either the 
nature of the distibution of the larvae in 
sod, or of the factors which influence the 
distributions as past sampling methods 
have been mainly chance procedures. 

Therefore in 1951 and 1952, in Wayne 
and Ontario counties of New York, a 
series of tests was designed and conducted 
to measure the usefulness of sampling 
larval populations of the European chafer 
during the first, second and third instars. 

Estimates OF LARVAL PopuLATIONS.— 
In the spring of 1951 a block of 16 plots, 
each plot 20 feet by 20 feet, was staked out 
in each of three permanent pasture areas. 
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At each location, four of the plots were des- 
ignated A, four B, four C, and four D, in 
a Latin-square design. Twenty random 
foot-square units of soil, each 12 inches 
deep, were selected from each plot and 
examined for European chafer larvae ai 
the following times: 

A plots: First instar larvae, late July, 1951. 

B plots: Second instar larvae, mid-August, 1951 

C plots: Third instar larvae, September, October 

and November, 1951. 
D plots: Third instar larvae, May, 1952. 


The sampling units were 12 inches deep, 
because this depth of soil will usually con- 
tain all of the larvae within the area to be 
examined; sampling to a greater depth 
would, of course, require more time and 
labor, and any period during which the 
larvae go deeper is a relatively unsuitable 
one for sampling the populations. Because 
the first, second and third instar grubs are 
discernible with the naked eye, and the 
slope of the hillside pastures makes the 
use of mechanical equipment difficult, all 
of the soil sampling units were examined 
for larvae by hand. Small portions of each 


Table 2.—European chafer larvae in foot- 
sauare sampling units of permanent pasture sod. 
John Rich Farm, Wayne County, New York. 
1951-52. 








Tora 
TRANS- 
FORMED 
Time or Toran TO 
InstaR Sampitinc Larvae! +x.’ 


MEAN 
(TRANs- 
FORMED 


July 114 10. 
1951 187 18. 
76 8. 

120 10. 


August 80 
1951 96 
96 

84 


Second 


October 130 may 
1951 167 12. 
140 ll. 

165 1%. 


Third 


May 132 11. 

1952 130 11. 

127 Li. 

97 ib 11.0 

L.S.D. between instar means (trans- 
formed data) at .01 level 


2.67 





1 Each record gives total larvae found in 20 foot-square sam- 
pling units. 

2 ie analysis of variance each plot total was transformed to 
Vx, where x is the observed total count. 
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Table 3.—Counts of European chafer larvae in 
foot-square sampling units of permanent pasture 
sod. L. Van Maldingham Farm, Wayne County, 
New York. 1951-52. 








Tora. 

TRANS- 

FORMED 

Time or Toran TO 
InsTAR SAMPLING LaRvaAE! 4/x.? 

July 72 
1951 56 
67 
64 


MEAN 
(TRANS- 
FORMED 

Data) 





August Q7 
1951 38 
18 

22 


Second 


Phird September 145 ; 
1951 133 11.4 
82 9. 
107 10.5 
Third May 219 14. 
1952 119 10.§ 
154 12. 
159 12 


L.S.D. between instar means (trans- 
formed data) at .01 level .66 





1 Each record gives total larvae found in 20 foot-square sam- 
pling units. 

2 For analysis of variance each plot total was transformed to 
Vx, where x is the observed total count. 
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unit of soil were individually examined, 
and the total counts of larvae in each unit 
were recorded. The total numbers of 
larvae recovered from the 20 units of each 
plot, at each location, are shown in tables 
1, 2, and 3. 

In 1952, a collapsible, and adjustable 
screening apparatus, with 3-inch, }-inch, 
and 1/16-inch mesh screens, was designed 
and constructed for screening sampling 
units of soil in the field. A block of test 
plots was set up in each of two permanent 
sod areas. At the McKenzie Gravel Com- 
pany Field at Phelps, (Ontario County) 
New York, nine plots, each 20 feet by 20 
feet, were staked out in three adjacent 
rows of three plots each. At the Van Mald- 
ingham Farm in Wayne County, 16 plots, 
each 20 feet by 20 feet, were staked out in 
two adjacent rows of eight plots each, 
next to the plots which had been examined 
in the 1951 tests. Five random sampling 
units of soil, each 12 inches square and 12 
inches deep, were taken from every plot at 
each location, during the first, second, and 
third instar larval periods of the 1952-53 
generation. Each cubic-foot of soil was 
run through the soil-sifting apparatus, 
and the counts of larvae observed in each 
case are shown in tables 4 and 5. 


Table 4.—European chafer larvae in square-foot sampling units of permanent pasture sod.' L. Van 


Maldingham Farm, Wayne County, New York. 1952-53. 








ToraL NuMBER LARVAE? 


Third 
Instar 
(Spring) 


Third 
Instar 


(Fall) 


Second 
Instar 


First 
Instar 


Torat TRANSFORMED TO \/x 


Third 
Instar 


(Fall) 





Third 
Instar 
(Spring) 


Second 


Instar Instar 





66 51 31 
83 50 43 
101 71 61 
102 78 39 
67 43 50 
89 66 12 
67 50 45 
71 103 48 
44 57 41 
57 47 44 
51 46 37 
78 59 14 
58 75 51 
72 65 49 
93 61 49 
76 61 49 


Mean (per plot) 


L.S.D. between means at .01 level 


~ 


7 
10 
8.: 
9 
6.8 
10.£ 
6. 


8. 1 5.0 
9. 


10. 


ownveuceweuscm 
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= 
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oo 
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14 





' The soil from each unit was sifted through } and 1/16 inch mesh screens. For analysis of variance the total count for each plot 


was transformed to yx, where x is the observed total. 
? Five square-foot units examined in each instance. 
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Table 5.—European chafer larvae in square- 
foot sampling units of permanent pasture sod.' 
McKenzie Gravel Company Field, Ontario Coun- 
ty, New York. 1952. 





Toran TRANs- 
FORMED \/x 


TotaL NUMBER 
LARVAE? 


Third 
First Second Instar 
Instar Instar (Fall) 


Third 
First Second Instar 
Instar Instar (Fall) 


>) 


9 
wo 
6 
.0 


4 


or 
~ 


$2 31 48 
70 27 54 
77 46 43 
40 55 36 
53 41 54 
Q7 56 42 
31 28 31 
46 47 44 
51 68 57 


SO Oo 
le a 


aka =) 


5 
6 
6 


6 


Qo) 
“Dawn 

Se Sr 8S 3S Sr Gr | 
OPK SF TKD 
“1S or 


D 


~ 
7 

~ 
os 


6.6 


ms 
zx 


Mean (per plot) 





No significant difference between any two means (transformed 
data). 

1 The soil from each unit was sifted through }- and 3-inch 
mesh screens. For analysis of variance the total count from each 
plot was transformed to yx, where x is the observed total 


count. 
2 Five square-foot units examined in each instance. 


In addition to these investigations, an- 
other short test for determining the neces- 
sity for screening sampling units was con- 
ducted during 1952. The separation of 
first instar European chafer larvae from 
soil by the hand-sorting method, besides 
being less accurate, was much slower and 
more difficult to carry out than the separ- 
ation with the soil-sifting apparatus. The 
utility of the soil-sifting method for first 
instar larvae, therefore, required no further 
confirmation. The larger larvae, however, 
may be removed from the soil quite 
rapidly by hand, and a comparison of the 
two methods was made in the following 
manner. 

For studies on the second instar larvae, 
nine plots, each 20 feet by 20 feet, were 
laid out in a permanent pasture area, and 
on August 28, 1952, two random pairs of 
units of soil, each 12 inches square and 12 
inches deep, were removed from each 
plot; the members of each pair of units 
were within a few inches of one another 
so that variation of environmental effects 
upon the counts would be reduced to a 
minimum. The larvae were separated from 
one unit of each pair by the hand-sorting 
method, and from the other by screening 
the soil, The numbers of larvae obtained 
from each unit, and the differences be- 
tween the paired values, are recorded in 
table 6. 
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For investigations of the third instar 
larvae, four random pairs of units of soil, 
each unit 12 inches square and 12 inches 
deep, were removed from each of seven 
permanent sod plots, in October 1952. 
Again, the larvae were removed from one 
unit of each pair by the hand-sorting 
method and from the other by sifting the 
soil through the screens. The number of 
the larvae found in each unit, and a com- 
parison of the two series, are given in 
table 7. 

Discussion.—The data in tables 1 and 
3 show that the counts of first and second 
instar European chafer larvae, obtained 
from unscreened units of soil in 1951, were 
significantly lower than the fall counts of 
third instar larvae from the same popula- 
tions; in table 2 the counts of second in- 
star larvae were significantly lower than 
the fall third instar counts. At the time 
that the information was obtained, it was 


Table 6.—Second instar European chafer lar- 
vae obtained from screened and unscreened 
square-foot units of soil.‘ McKenzie Gravel Com- 
pany Field, Ontario County, New York. August 





NuMBER OF LARVAE PER UNIT 


Un- 


Screened screened Differ 


No. Unit 
1 ‘ g 9 
9 


19 
1 19 


Total difference 143 
Mean difference 7.94 





1 The screened units were sifted through }- and yy-inch mes! 
screens, and the unscreened units were examined by hand. 
2 Mean difference significant at .01 level. 
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assumed that the unrecorded larvae had 
been more than 12 inches below the soil 
surface, or that they had been present in 
the units examined but had not been 
separated from the soil. The data obtained 
from the 1952 investigations (Tables 4, 
5, 6, and 7) indicate, however, that in the 
1951 tests the small larvae were not com- 
pletely separated from the units of soil, 
so that the observed counts were less than 
the actual numbers of grubs present. In 
the 1952 tests, in which all of the units of 
soil examined were screened, there was no 
significant difference between the counts 
recorded during the first and second in- 
stars and the third instar during the fall 
(Table 4). Furthermore, when the counts 
of second instar larvae, obtained from 
screened and unscreened units of soil from 
the same plots, were compared, the mean 
difference of the paired values was highly 
significant (Table 6); the total number of 
second instar larvae recovered from the 
screened units was approximately three 
times that recovered from the same vol- 
ume of soil examined by hand. There was 
no significant difference between the 
counts of third instar larvae extracted by 
the two methods (Table 7). 

Apparently the mortality of overwin- 
tering third instar larvae may be suffi- 
ciently great that samples of third instar 
larvae, taken in the spring, will give a low 
estimate of the populations which existed 
the previous fall. A large proportion of the 
total injury which is caused by larval 
populations, is done in the fall by the sec- 
ond and third instar grubs: this fall injury 
is particularly important because the 
damaged plants frequently are unable to 
live through the winter. Thus, since the 
investigator may often be concerned pri- 
marily with the effect of the larval popula- 
tions, it should be remembered that esti- 
mates of pepulations, obtained from fall 
and spring samples, may not bear the 
same relationship to the injury sustained 
by the pasture plants. 

In general, the data have shown that 
samples of soil, containing first or second 
instar European chafer larvae, should be 
screened if accurate estimates of the pop- 
ulations present are to be obtained from 
the samples; the third instar can be seen 
much more easily, and may be completely 
separated from sampling units of soil by 
hand. Estimates of larval populations ob- 
tained from samples of third instar larvae 
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Table 7.—Third instar European chafer larvae 
obtained from screened and unscreened square- 
foot units of soil.! Arthur Dean Farm, Wayne 
County, New York. October 15, 1952. 








NUMBER OF LARVAE PER UNIT 


Un- 


screened 


PLotr 
No. 
1 a 3 
b j { —3 
c 5 —4 
d . 6 


Unit Screened Difference 


Total Difference 1 
Mean Difference 0.0357? 





1 The screened units were sifted through }- and »-inch mesh 
screens, and the unscreened units were examined by hand. 
2 Mean difference not significant at .05 level. 


in the spring, however, may be lower than 
those obtained the previous fall because 
of some mortality of overwintering larvae. 

STUDIES OF SAMPLING VARIANCE.—If 
European chafer female beetles tend to 
deposit their eggs in the soil in groups, 
rather than completely at random, and 
the larvae migrate at random in all direc- 
tions from the clusters, the distribution of 
the individuals should change as_ the 
larvae develop. That is, during the egg 
stage, sampling units of soil would likely 
contain either many eggs or a very few; 
as the larvae migrate from the aggrega- 
tions, the number of sampling units with 
very high or very low counts would be- 
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Table 8.—A comparison of the variance of samples, of European chafer larvae, taken during the 
first, second, and third instar.' L. Van Maldingham Farm, Wayne County, New York. 1952-53. 
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1 During each instar, 5 square-foot samples of soil in each of 16 plots were examined for larvae; the variance of each set of 5 counts 
is given, and the 4 series of 16 values each are compared by means of the Sign Test. 


2 Significant at the .01 level. 


come smaller. Although it is very probable 
that the larvae do not migrate entirely 
at random, the hypothesis, that the dis- 
tributions become more uniform as the 
larvae develop, is one worth testing. The 
counts of first, second, and third instar 
larvae in tables 4 and 5 were used to pro- 
vide material for the test. 

The variance of a series of values is a 
measure of their distribution around the 
mean of the series; the smaller the vari- 
ance, the closer the values are clustered 
around the mean. In table 4, e.g., counts 
of first, second, and third instar larvae in 
each of 16 plots are recorded. In each plot 
five square-foot units of soil were ex- 
amined for first instar larvae, five for sec- 
ond instar larvae, and five for third instar 
larvae; a comparison of the variance of 
each five counts within a plot might indi- 
cate whether or not there was any differ- 
ence in the range over which the five 
values were distributed. If the larvae were 
distributed in groups there will be many 
high and many low counts of larvae, while 
if they were distributed in a more or less 
uniform fashion, there will be a larger 
proportion of intermediate counts. The 
variance values were calculated for each 
five counts per plot, per instar, and in 
table 8 a test for a significant difference 
between any two of the three series is 


shown. Since the pairs of values were ob- 
served under different conditions (in- 
stars), the T-test for comparing paired 
values cannot be applied, and the Sign 
Test for measuring differences between 
distributions which have no_ specified 
form, is the most useful. In this test, one 
counts the number of positive and nega- 
tive differences, and refers to a table of 


Table 9.—A comparison of the variance of sam- 
ples, of European chafer larvae, taken during the 
first, second, and third instars.! McKenzie Gravel 
Company Field, Ontario County, New York. 1952. 
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1 During each instar 5 square-foot units of soil, from each: of 


9 plots, were examined for larvae; the variance for each set of 5 
counts is given, and the 8 series of 9 values each are compared 
by means of the Sign Test. 

2 No value of r significant below the .25 level. 
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significant values. The value for “‘r’’ is the 
count of the sign which occurs least fre- 
quently, so that “r’? becomes smaller as 
the difference between a series of values 
becomes more consistent. The data from 
table 5 are tested, in the same fashion, in 
table 9. 

Discussion.—In table 8, the variance 
for the first instar larval counts was sig- 
nificantly greater than that of either the 
fall or spring third instar counts, and the 
variance of the second instar counts was 
significantly greater than that of the 
spring third instar counts. The differences 
between the first and second, the second 
and fall third, and the fall and spring 
third instar counts were not significant at 
the 0.05 level; this is understandable since 
the members of each pair of periods are 
continuous with one another. Even where 
the differences were not significant, how- 
ever, there are a proportionately small 
number of negative signs, so that all of the 
data indicate that the larval populations 
did become distributed more uniformly as 
they progressed toward the pupal stage. 

The data in table 9 are in general agree- 
ment with those of table 8. In each com- 
parison, “r’’ is low, although not mathe- 
matically significant with only nine pairs 
of values in the test. In the comparison of 
first and second, and first and third instar 
samples, the majority of signs are positive, 
a condition which indicates that the vari- 
ances for the first instar samples were gen- 
erally greater than those of the second or 
third instars. There is no reasonable ex- 
planation for the fact that, in most cases, 
the variance of the second instar sample 
was smaller than that of the third instar 
count. 

The results of both tests suggest a ten- 
dency for the uniformity of the distribu- 
tions of European chafer larvae to vary 
from instar to instar. The evidence avail- 
able indicates that the first instar larvae 
are distributed in a comparatively 
“patchy” fashion which becomes less dis- 
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tinct as the larvae develop and migrate 
through the soil. 

The manner in which the larvae are dis- 
tributed in the soil is important to the in- 
vestigator in that sampling procedures 
are usually based on the manner in which 
the species, which is to be sampled, is dis- 
tributed. If, in the case of the European 
chafer larvae, the type of distribution 
changes significantly from instar to instar, 
it may be necessary to use a different sam- 
pling procedure for each stage of develop- 
ment. It is apparent that the relationship 
between distributions of first, second, and 
third instar larvae should be determined, 
before a particular sampling technique 
can be applied with confidence to all 
stages of the larvae. 

SumMary.—A knowledge of the sea- 
sonal history of the European chafer is a 
prerequisite of the application of sampling 
procedures to populations of larvae be- 
cause: 

1. Units of soil, from which larval 
counts are to be obtained, must be sifted 
through appropriate screens if either first 
or second instar larvae are to be separated 
from the soil. Third instar larvae may be 
separated from the soil by hand. Since the 
latter procedure is less time-consuming 
than screening out first and second instar 
larvae, estimates of European chafer 
larval populations are most easily ob- 
tained during the third instar. 

2. There is some mortality of overwin- 
tering larvae, and populations estimates 
obtained in the spring may be consider- 
ably lower than those obtained during the 
previous fall. 

3. There is some evidence that the dis- 
tribution of larvae may vary from instar 
to instar. The tendency appears to be to- 
ward a more uniform distribution as the 
larvae develop and migrate through the 
soil. A sampling procedure, satisfactory 
for estimating larval populations during 
one instar may not be applicable to the 
same population during other instars. 





Control of Mosquitoes in California Rice Fields 


Rosert F. 


Since its introduction in 1912 at Biggs, 
Butte County, California, (Freeborn 
1917) commerical rice growing has created 
one of the major mosquito control prob- 
lems in the state. Prior to that time rela- 
tively few mosquitoes were found in the 
areas of the Sacramento Valley where rice 
is now grown. Since that time they have 
become so numerous that they are a seri- 
ous pest not only in the communities im- 
mediately adjacent but also in those at 
some distance from the rice fields. 

PRESENT ProspLeM.-—Within the last 
10 years the rice acreage has approxi- 
mately doubled, 412,000 acres? were 
planted in 1953. Where it was chiefly con- 
fined to the rural areas of the Sacramento 
Valley it is now being planted in the sub- 
urbs, and the acreage in the San Joaquin 
Valley is rapidly increasing. Not only has 
the pest problem been multipled many 
times but the health hazard has likewise 
increased. 

Anopheles freeborni (Aitken) the most 
prevalent mosquito in the rice fields is 
a the principal vector of malaria in 

California.’ Although relatively few cases 
of malaria have occurred within recent 
years the great numbers of this mosquito 
produced in the rice fields constantly pre- 
sent a potential hazard to the health of 
the people in the area, (Furman 1953). 

Culex tarsalis (Coq.) is considered to be 
the principal vector of encephalitis in 
California (Reeves 1953). In the 1952 
epidemic (Stead & Peters 1953) there were 
804 human cases of enc ephalitis,’ pri- 
marily in the San Joaquin and Sacra- 
mento Valleys. 

CuLturAL Practices AND Eco.oey. 
The cultural practices employed and the 
ecology of the rice field areas present opti- 
mum conditions for mosquito breeding 
and at the same time make control diffi- 
cult. Early in the spring prior to the flood- 
ing of the rice fields thousands of miles of 
borrow pits and ditches, as well as sloughs 
and innumerable rain water puddles serve 
as breeding sites for the mosquitoes which 
have over-wintered. Subsequent genera- 
tions of these mosquitoes infest the many 
breeding sites created when the rice fields 
are flooded. In addition the initial flooding 
of the rice fields frequently produces a 
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“single” brood of *‘flood-water” mosqui- 
toes. 

Favorable breeding sites result from 
seepage through the border levees of the 
rice fields, shallow and open areas in the 
paddies, the formation of algal mats, and 
thin stands of rice. In the fall when the 
rice paddies are drained prior to harvest 
large numbers of larvae and pupae, en- 
trapped in the remaining puddles and 
shallow water, may emerge before the 
field is dry. When the fields are slow in 
draining and drying a number of genera- 
tions may be produced (Freeborn 1917) 
at the time when the breeding of Ano- 
pheles freeborn? is at its maximum. 

The weeds on the levees and ditch 
banks as well as the rice itself provide ex- 
cellent shelter for the mosquitoes from the 
strong winds and high summer tempera- 
tures. From fall until spring the over-win- 
tering mosquitoes may be found in dense 
growths of weeds, under bridges, in build- 
ings, and other places throughout the rice 
area which afford protection from the 
weather. 

ControL ProspitemMs.—Most of the 
breeding sites in the rice field areas are 
ace essible only by foot or airplane; this re- 
stricts the use of power spray and aerosol 
equipment to areas adjacent to the roads. 
Repetitive larviciding of large areas by 
hand or airplane during a period of at 
least 4 months is not economically feasi- 
ble, particularly in view of the small an- 
nual tax revenue of 5 to 15 cents an acre 
which the mosquito abatement districts 
accrue from the rice lands. The flooding of 
the rice fields in the spring and the drain- 
ing in the fall each extend through a pe- 
riod of about 2 months. This makes the 
timing of control operations difficult and 
reduces their efficiency and effectiveness 
accordingly. 

Species INvoLtvep.—In discussing the 
species of mosquitoes which are of impor- 
tance in the rice fields of California it is 
impossible to lay down hard and fast 


1 Manager, The Butte County Mosquito Abatement District; 
Biggs, Cc alifornia. 
2 California Crop and Livestock Reporting Service 
8 California State Department of Public x alth. 
quito Abatement in California, Bulletin. VC- 
4 California State Department of Public ie alth. 
fornia’s Health, 11(7): 56. 
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rules. The period and intensity of breed- 
ing varies from year to year, between 
different areas of the state, and even from 
rice field to rice field. Observations made 
by many workers have shown that the 
breeding also varies from paddy to paddy 
and even within each paddy. Weather is 
the most obvious and influencing factor; 
when it is optimum for the rice it is like- 
wise optimum for the mosquitoes. Periods 
of cool weather in the summer decrease 
the current breeding intensity and may 
retard the breeding during the rest of the 
season.® 

Aedes dorsalis (Meig.), a “‘flood-water” 
mosquito, has been established in many of 
the rice fields of California. Since 1935 
Aedes nigromaculis (Ludlow) has gradu- 
ally been supplanting the fresh water 
strain of Aedes dorsalis.’ The breeding 
habits and other characteristics of these 
two species are so similar that for practical 
control purposes they are considered the 
same mosquito. Therefore the two species 
will be considered as one, and when A. 
dorsalis is mentioned reference is also made 
to A. nigromaculis. When a pasture or 
other land infested with the eggs of this 
mosquito is prepared for rice and flooded, 
large numbers of larvae are produced, and 
the previously established infestation con- 
tinues in the rice field. The initial flooding 
of a mosquito-egg-infested rice field pro- 
duces a “‘single”’ brood of A. dorsalis. Mos- 
quito control workers in California have 
found that the eggs of A. dorsalis over- 
winter in the soil, and that some of the 
eggs will remain viable in fallow fields for 
several years. Herms & Gray (1944) re- 
ported an account of the survival of A. 
dorsalis eggs in a dry marsh for about 10 
years. For a number of years A. dorsalis 
has been a serious pest in the rice areas of 
California. These mosquitoes, originating 
in infested rice fields, may disseminate 
throughout the surrounding area as far as 
5 miles, infesting other rice fields and suit- 
able breeding sites, and plaguing the res- 
idents and cattle of the area. 

When people in California speak of the 
rice field mosquitoes they are usually re- 
ferring to Anopheles freeborni (Aitken). 
This mosquito readily enters residences 
and all types of buildings and shelters 
where it can be found from August until 
April. Whenever the weather is mild or a 
building is heated it becomes active and 
is an annoying pest. On warm days it 
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leaves its shelter and feeds, particularly 
about the time of sunset. At 7:00 A.M. in 
mid-February, at a barren airport area 
more than 5 miles from the nearest rice 
field, it was feeding in such numbers that 
it drove the people indoors. During the 
fall in uncontrolled areas swarms of this 
mosquito may be seen following pedes- 
trians down the street, and sometimes 
harvest crews in the rice fields will quit 
work when these mosquitoes become ac- 
tive in the late afternoon. 

During the period of February through 
April the over-wintering Anopheles free- 
borni females leave their shelters, disperse 
and lay their eggs; from that time until 
July or August the subsequent genera- 
tions of this mosquito are seldom seen. 
Borrow pits, puddles, ditches and sloughs 
which are warmed by the sun, protected 
from the wind, and contain emergent 
vegetation or algae favor oviposition. The 
larvae are first found widely scattered in 
small numbers; gradually they increase 
until by June considerable numbers may 
be found in some places. Rice fields with 
clean levees do not become infested until 
late June or July when the rice is about 15 
inches high and affords conditions suit- 
able for oviposition (Marcus 1950). Sper- 
beck (1950) and others have found that 
rice fields with weeds and rice growing on 
the leeves and into the margins of the 
paddies may become infested much earlier 
than those with clean levees. It has been 
found that the infestation and occurrence 
of A. freeborni varies greatly from rice 
field to rice field, paddy to paddy, and 
frequently during the breeding season. 
Herms & Gray (1944) found that the con- 
centration of the mineral content and the 
stagnation of the water in rice fields 
located in a clay soil area produces a 
condition unsuitable for A. freeborni. 
Purdy (1925), Aitken (1945), and later 
workers have found that A. freeborni was 
not found in rice fields in which there was 
an abundance of the blue-green algae 
Tolypothrizx. 

Culex tarsalis according to Brookman 
(1950) is the most widespread and abun- 
dant Culex species in California. Although 
this mosquito over winters in the adult 
stage, all stages may be found throughout 
the year except during the coldest 


5 Hall, L. L., 1953. Unpublished data. Butte County Mosquito 
Abatement District. 
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weather.® As early as June and as late as 
October it may occur in such numbers as 
to constitute a pest. During February and 
March the overwintering females become 
active and lay their eggs in the same 
breeding sites as Anopheles freeborni, as 
well as those which are devoid of vegeta- 
tion and more subject to the weather. In 
1950 in the Sacramento Valley one mos- 
quito abatement district found it neces- 
sary to start larviciding operations in the 
middle of February for the control of C. 
tarsalis. The larvae are found in the rice 
fields before those of A. freeborni and us- 
ually in greater numbers until late July or 
August. The breeding increases from June 
until it reaches a peak in late July and in 
August, then declines until by the time 
the rice is drained it is of minor impor- 
tance. Since 1952 the breeding intensity of 
C. tarsalis in the rice fields has become 
greater and of longer duration. If this be- 
comes the breeding pattern of C. tarsalis 
it will rival if not displace A. freeborni as 
the most prevalent mosquito in the rice 
field areas. During July and August, and 
recently in September, the C. tarsalis con- 
tinually disseminate from the rice fields 
into the surrounding areas for at least 5 
miles. In 1952 during the encephalitis 
epidemic mosquito control workers in the 
San Joaquin Valley observed large num- 
bers of C. tarsalis in communities as far as 
7 miles distant from their breeding sites. 
During periods of fluctuating temperature 
the dissemination becomes definite mass 
movements of large numbers of mosqui- 
toes. By the first of November the breed- 
ing has so decreased that very few larvae 
are found, and the mosquitoes are seldom 
seen except in shelters. Periods of unus- 
ually mild weather during the winter 
stimulate breeding temporarily. 
Mertuops.—The standard larviciding 
methods will control the Aedes dorsalis 
larvae in the recently flooded rice fields 
but these methods are not satisfactory 
from an economic and operational stand- 
point for use by mosquito abatement dis- 
tricts. This is especially true when large 
acreages of infested rice fields must be 
treated in a short period of time in order 
to protect the adjacent populated areas 
(Portman & Williams 1952). Sperbeck 
(1948) devised a method of controlling the 
A. dorsalis larvae which consisted of sub- 
merging a l-gallon can of 25 per cent 
DDT emulsible concentrate in the water 
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inlet of each rice paddy after the larvae 
had appeared. Two small holes in the top 
of the can permitted small quantities of 
the concentrate to gradually diffuse into 
the water. Although this method gave 
excellent results, except in a few small 
areas into which the circulating water did 
not reach, it is not practical from an oper- 
ational standpoint. The dosage is uncon- 
trolled and the large acreage involved re- 
quires thousands of cans to be set and 
their operation inspected within a period 
of a few days. 

A method of applying wettable powder 
DDT with the seed rice when it is plane- 
sown in the recently flooded rice fields 
was first proposed by Sperbeck (1949). 
With Herms (1952) he developed this pro- 

cedure which provides the only practical 
method known today. Fifty per cent DDT 
wettable powder is distributed and mixed 
with the damp seed rice as it is dumped 
from the sacks into the plane-loading 
hopper. It is added to the seed rice in such 
a quantity as to give a dosage rate of 0.25 
to 0.5 pound of DDT per acre. The 
powder adheres to the hulls of the seeds 
until they rest on the submerged soil of 
the flooded paddy where it mixes with the 
water and is slightly dispersed. Maximum 
control is not obtained in fields which have 
been flooded for such a length of time that 
late, fourth-instar larvae and pupae are 
present before the fields are treated, as 
these stages are not affected by the wet- 
table powder DDT. 

Portman & Williams (1952) found that 
the spraying of dry rice fields prior to 
flooding with a DDT spray at a rate of 1 
pound of DDT per acre resulted in 100 
per cent control of the Aedes dorsalis lar- 
rae. They also found that the applica- 
tion of 50 per cent DDT wettable powder 
with the seed rice, at the rate of 2 pounds 
per acre, also controlled the tadpole 
shrimps, Apus oryzaphagus n. sp. and 

Apus biggsi n. sp., and the larvae of the 
giant scavenger water beetle, Hydrous 
triangularis (Say), which have been rice 
pests of considerable importance in Cali- 
fornia. The resultant wide-spread use of 
wettable powder DDT by rice growers for 
the control of these rice pests has in turn 
not only assisted the mosquito abatement 
districts in the control of A. dorsalis but 


6 California State Department of Public Health, 1953. Cali- 
fornia’s Health. 10(17): 136. 
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has also provided control of this mosquito 

in many of the rice areas of the state out- 

side of the districts. The adult stages of A. 
dorsalis and A. nigromaculis are effec- 

tively controlled by aerosols. 

In the rice field areas of California the 
control of Culex tarsalis is not in most in- 
stances differentiated from that of Ano- 
pheles freeborni. The methods applicable 
to C. tarsalis are also applicable to A. free- 
borni, which is in all stages more suscep- 
tible than C. tarsalis to the toxicants now 
in use. The formulations and dosage rates 
are usually designed to be effective for 
both species because of the frequency 
with which they occur together, both in 
the adult stage and as larvae. Therefore 
the control of both species is considered at 
the same time. The control methods and 
formulations used by the various mosqui- 
to abatement districts vary from district 
to district. Each district employs the 
methods and formulations which provide 
satisfactory control within its financial 
and operational limitations. 

Two methods are used in the control of 
the overwintering Anopheles freeborni and 
Culex tarsalis. In the late fall and early 
spring all places of shelter in the suburban 
and rural rice areas, where the overwin- 
tering mosquitoes have accumulated, are 
treated with aerosol. The aerosol is gener- 
ated by means of a_ vehicle-exhaust, 
thermal aerosol generator such as de- 
signed by Raley (1947), a similar device 
developed locally, or a large, commercial 
aerosol generator. Oil based, 5 to 10 per 
cent DDT formulations are generally 
used. In areas where DDT is no longer 
effective on C. tarsalis the districts use 
lindane, BHC or other toxicants in vary- 
ing amounts in an oil base. Other districts 
incorporate 2 per cent by volume of a 
thiocyanate,’ which causes the mosquitoes 
to leave the recesses of the shelter, thus 
assuring a more complete knockdown and 
kill. Although the aerosol is only effective 
on the mosquitoes present at the time of 
treatment it does provide considerable re- 
lief to the people whose buildings are 
treated. The dense white clouds and the 
wisps of aerosol seeping out of the shelters 
creates a very favorable psychological im- 
pression. 

The other method of controlling the 
over-wintering mosquitoes makes use of 
the DDT residual spray which has world- 
wide acceptance in anopheline mosquito 
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control programs (Bradley & Saylor 
1949). Oil based or water emulsion sprays 
containing 0.2 to 0.4 pound of DDT per 
gallon are applied at the rate of 1 to 2 
gallons per 1,000 square feet. Only those 
portions of the barns, chicken coops, cul- 
verts, under houses and other places of 
shelter where mosquitoes accumulate are 
sprayed. Observations and comments by 
property owners during the past 4 years 
indicate that the spray deposit is effective 
throughout the winter. In some places 
it has been found that the deposit is visi- 
ble and effective for a year or longer. Mos- 
quito collection records of the past 4 years 
show that during the winter Anopheles 
freeborni and Culex tarsalis move from 
shelter to shelter.’ The residual spray has 
been found to be not only more effective 
over a longer period of time than the use 
of aerosol but also provides some control 
during the following breeding season. 

Larviciding by hand or power sprayers 
begins in the spring when the first larvae 
appear. In some years this may be as 
early as mid-February or as late as the 
first part of April, depending upon the 
weather. The control of the early breeding 
in borrow pits, ditches, sloughs, rain-water 
puddles and other sites throughout an 
extensive area is accepted practice. It de- 
lays and initially decreases the infestation 
of the rice fields as well as reducing the 
pest problem in the area. Due to the cost 
of repetitive plane and ground larviciding 
operations, complete control of the breed- 
ing occurring in the rice fields and ad- 
jacent areas during the summer is not at- 
tempted. Throughout the season the ac- 
cessible breeding sites, particularly those 
near communities are regularly inspected 
and controlled by ground spray equip- 
ment. In some instances heavy infesta- 
tions occurring along the borders of rice 
fields are also controlled. 

The Culex tarsalis during the first part 
of the summer and later both the C. 
tarsalis and Anopheles freeborni which in- 
rade the populated areas are controlled by 
aerosols. An aerosol formulation which 
has been used successfully for 5 years con- 
tains 10 per cent DDT in a diesel oil base, 
with 2 per cent thiocyanates.’ A petrole- 
um by-product? which has a higher DDT 


7 Rohm and Haas, Lethane 384. 

8 Unpublished records. Bureau of Vector Control, California 
State Department of Public Health, and The Butte County 
Mosquito Abatement District. 

® Standard Oil Company of California, Base Oil Wt. 
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solubility factor and higher volatility tem- 

perature than diesel oil is also incorpor- 
ated in the formulation to produce a 
heavier and more dense aerosol. In areas 
where (. tarsalis exhibits a resistance to 
DDT, lindane, BHC and other toxicants 
are used. Aerosol operations, which are 
dependent upon the prevailing atmos- 
pheric conditions, are not successful when 
the air is moving faster than 2 miles per 
hour, the temperature is too high or too 
low, and when there are inversions or 
rising air currents. Aerosol operations for 
area control are carried out after sunset 
and before sunrise; for premise control 
work other times of the day may be satis- 
factory. The efficiency of the operations 
depends upon the length of time the aero- 
sol persists, its concentration, and _ its 
penetration into the innumerable places 
where the mosquitoes are resting. Because 
optimum conditions for aerosol operations 
occur sporadically it is necessary to con- 
sider this method as a means of supple- 
mentary control. 

The adult stages of all four species are 
effectively controlled in rural areas by 
means of plane spraying, which can be 
done between sunrise and sunset, when 
satisfactory atmospheric conditions for 
aerosols do not prevail. A spray formula- 
tion, consisting of a dieldrin water emul- 
sion containing 0.024 pound of dieldrin 
per gallon and 2 per cent thiocyanates’ by 
volume, when applied at the rate of 4 
gallons per acre resulted in nearly 100 per 
cent control. This formulation when 
applied at the same rate to breeding places 
has given 100 per cent control of the first- 
through early fourth-instar larvae of 
Aedes dorsalis and A. nigromaculis. Most 
of the mosquitoes produced by the few 
surviving late fourth-instar larvae and 
pupae died within a day after emerging. 
The over-all control was better than 99 
per cent. This formulation applied at the 
rate of 4 gallons per acre is not effective 
on the larvae and pupae of Culex tarsalis.® 

Magy (1949) found that the application 
of 0.025 pound of DDT per acre gave a 98 
per cent mortality of the Anopheles free- 
bornt larvae in California rice fields. The 
oil based DDT larvicide was applied by an 
airplane equipped with a thermal, exhaust 
aerosol generator. He also found that the 
anopheline larvae recurred in the rice 
fields within 3 days after treatment. Sper- 
beck (1949) found that the larvae recurred 
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within 4 days after using the same air- 
plane spray equipment as Magy, and a 
similar DDT formulation applied at a 
somewhat higher rate. Sperbeck (1950) 
observed from one to six mosquitoes per 
lineal foot, hidden in the cool, shaded, 
protected areas at the base of weeds and 
rice near the edge of the water after the 
larvae had been controlled by plane spray- 
ing. He attributed the larvae which ap- 
peared within a few days after the plane 
spraying to the surviving gravid mosqui- 
toes. In an effort to devise a formulation 
which was not only effective on the larvae 
but also the mosquitoes a number of tests 
were conducted. Oil-based and emulsion 
sprays containing various percentages of 
DDT, TDE, DDT-TDE combinations, 
and DDT supplemented by thiocyanates’ 
and pyrethrum were tried. In all cases 
larvae recurred within a few days. A 
formulation containing 8.33 per cent 
DDT, 2 per cent pyrethrum, and 2 per 
cent thiocyanates’ was applied at the rate 
of 1 quart per acre, but the larvae re- 
curred and numerous mosquitoes sur- 
vived. 

In 1950 the author found that when the 
rice fields were plane-sprayed within 10 
days prior to draining, a minimum of mos- 
quitoes were produced by the recurring 
infestation. The airplane aerosol generat- 
ing equipment and pilot were the same as 
employed by Magy and Sperbeck. A 
spray was formulated containing 0.8 
pound of DDT per gallon, 2 per cent thio- 
cyanates,’ 0.5 per cent spreading agent,'” 
71.5 per cent diesel oil and 20 per cent 
of a petroleum by-product® by volume. 
The petroleum by-product produced a 
heavier “‘aerosol-spray”’ and a_ stronger 
film on the water than diesel oil. This 
formulation when applied at an average 
rate of 0.19 gallon per acre to 18,000 acres 
resulted in a larval mortality of 94 to 98 
per cent and very few surviving mosqui- 
toes. The pest problem resulting from the 
mosquitoes produced by the recurring in- 
festation was minimal. 

In the following 4 vears 155,000 acres 
of rice fields were plane-sprayed within 
approximately 10 days of the time that 
most of the fields were drained. The in- 
secticide was applied at an average rate 
of 0.27 gallon per acre by means of a 
spray boom instead of a thermal, exhaust 


10 Rohm and Haas, Triton B-1956. 
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aerosol generator. This permitted the 
spraying operations to be carried out 
when it was too windy for satisfactory 
aerosol application. A very high mosquito 
and anopheline larval mortality was ob- 
tained. During the operations of the first 
year the thiocyanates were increased to 4 
per cent to obtain a higher mortality of 
the Culex tarsalis larvae. This revised 
formulation was used the following 2 
years, but the thiocyanates were increased 
8 per cent during the last year to again in- 
crease the mortality of the C. tarsalis 
larvae. During the 4 years the infesta- 
tion of the rice fields by C. tarsalis has not 
only increased but the intensity of breed- 
ing has continued instead of declining dur- 
ing September. In the last 3 years of these 
fall plane-spraying operations only small 
numbers of mosquitoes were found in the 
sprayed rice fields at harvest time, and 
the few that invaded the populated areas 
and survived until spring were not a pest 
problem. 

SUMMARY AND ConcLusions.——Aedes 
dorsalis (Megi.), Aedes nigromaculis (Lud- 
low), Anopheles freeborni (Aitken) and 
Culex tarsalis (Coq.) are the principal 
species of mosquitoes infesting the rice 
fields of California. A. dorsalis is being 
supplanted by <A. nigromaculis; and A. 
freeborni the most prevalent species may 
with a few years be rivaled or sup- 
planted by C. tarsalis. A. freeborni and C, 
tarsalis are not only serious pests but 
vectors of malaria and encephalitis, re- 
spectively. 

The control of the over-wintering mos- 
quitoes Anopheles freeborni and Culex 
tarsalis is by means of applying aerosol or 
DDT residual spray to their places of 
shelter, the latter being more effective. 
Controlling the larvae of these species in 
the late winter and spring delays and re- 
duces the initial infestation of the rice 
fields. 

Aedes dorsalis and A. nigromaculis 
larvae can be effectively and economically 
controlled by the application of 0.5 pound 
of 50 per cent DDT wettable powder with 
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the seed rice. The adult stages can be 
effectively controlled by aerosols. 

Mosquitoes invading nearby urban and 
suburban areas can be controlled by aero- 
sols. This method must be considered only 
as a supplementary means of control be- 

‘ause optimum aerosol conditions occur 
sporadically. Mosquitoes in rural areas 
‘an be controlled by the plane-spray ap- 
plication of dieldrin as a water emulsion 
at the rate of 0.1 pound per acre when and 
where aerosols cannot be used effectively. 

The plane-spraying of the rice fields 
within 10 days prior to draining results in 
effective control of Anopheles freeborni, 
Culex tarsalis and A. freeborni larvae, and 
partial control of C. tarsalis larvae. The 
small numbers of surviving mosquitoes 
and those produced by recurring infesta- 
tions of the rice fields and adjacent breed- 
ing sites after treatment have in nearly 
all instances not presented a pest problem 
during the last 3 years. 

The control of the mosquitoes breeding 
in the rice field areas within mosquito 
abatement districts has greatly reduced 
the pest problem and health hazard which 
formerly existed. But there are still suffi- 
cient mosquito vectors present in those 
areas to maintain a potential hazard of 
malaria and encephalitis. These mosquito 
vectors with other favorable factors may 
result in the occurrence of these diseases 
in epidemic proportions as was the case in 
1952. The increasing prevalence of Culex 
tarsalis, the vector of encephalitis, and its 
increasing resistance to insecticides pre- 
sents a serious problem to those concerned 
with mosquito control and the health of 
the public. 

Considerable information concerning 
the principal mosquitoes infesting the 
rice field areas and their control is avail- 
able. But, there is a great need for more 
complete, specific information and opera- 
tional research aimed at the development 
of methods and insecticides which will 
provide effective control within the budg- 
etary limitations of the mosquito abate- 
ment districts. 
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Evaluation of Interval and Dosage in Bollworm Control: 


J. K. Waker, Jr., W. J. Misrric, Jr., and D. F. Martin, Texas Agricultural Experiment Station, 
College Station 


Abundant rainfall in the Brazos Valley 
near College Station, Texas, during 1953 
apparently influenced the development of 
the cotton bollworm, Heliothis armigera 
(Hbn.). Two injurious generations of this 
insect appeared over much of the cotton 
acreage during July and August. In many 
instances where this pest was not con- 
trolled, heavy losses in yield resulted. The 
experiments considered in this paper were 
directed primarily toward bollworm con- 
trol in an effort to study the effects of 
different intervals between applications of 
insecticides and the effects of increased 
dosages when applied at intervals greater 
than 5 days. The boll weevil, Anthonomus 
grandis (Boh.), infestation was extremely 
light during 1953 and did not reach a dam- 
aging peak until the last week in August 
or first week in September. This was espe- 
cially true of experiment 1. In experiment 
2, weevils occurred in slightly heavier 
numbers. The principal insect damage in 
these tests was from the bollworm. 

EXPERIMENTAL PROcEDURE.—Experi- 
ment 1 and experiment 2 were arranged in 
randomized blocks with each treatment 
and the check replicated four times. The 
plots in experiment 1 were 0.1 acre in size, 


12 rows wide and 109 feet in length. The 
picking area was 0.05 acre in size. In ex- 
periment 2, the plots were 0.08 acre in 
size, 12 rows wide and 87 feet in length. 
The picking area was 0.04 acre in size. 

The insecticides were applied with the 
3-row power sprayer described by Gaines 
et al. (1952) at the rate of 7.5 gallons of 
spray per acre using a pressure of 60 
pounds per square inch. The approximate 
speed of the sprayer was 5 miles per hour, 
and 3 nozzles per row were used to deliver 
the toxicants. 

Resuuts.—The field cotton used in ex- 
periment 1, table 1, was very late-planted 
and had only started squaring vigorously 
about July 20. The experiment was de- 
signed to compare the effectiveness of 
DDT on control of the bollworm when ap- 
plied at the rate of 0.75 pound active in- 
gredient per acre at 5- and 7-day intervals 
and 1.5 pounds active ingredient per acre 
at 5-, 7- and 10-day intervals. BHC at the 
rate of 0.45 pound of the gamma isomer 
per acre was added to the last application 


1 Technical Contribution No. 1938, Texas Agricultural Ex- 
eriment Station in cooperation with the Entomology Research 
ranch, Agricultural Research Service, U. S. Department of 

Agriculture, 
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Table 1.—The average boll weevil infestation, bollworm injury, and yield of seed cotton in tests 
to evaluate interval and dosage. College Station, Texas. 1953. 








SQUARES 








PUNCTURED Botuworm INJURED YIELD 
BY BoLL ———— —— PER 
‘TREATMENT! DosaGE? WEEVIL Squares Bolls Pior® 
Per cent Percent Angles Percent Angles Pounds 
Experiment 14 
Cheek 13.4 26.5 30.9 13.7 21.6 36 
DDT 5-day 0.78 8.7 16.9 24.2 4.2 11.8 77 
DDT 5-day 1.42 7.4 10.9 19.2 1.5 7.0 93 
DDT 7-day 0.79 9.2 11.1 19.4 4.0 11.3 77 
DDT 10-day 1.51 10.8 13.1 21.2 3.3 10.3 76 
DDT 7-day 1.47 9.1 12.4 20.4 3. 10.3 80 
L.S.D. at .05 level 3.5 3.1 12.0 
Experiment 2 
Check 14.8 16.7 23.8 16.0 23.4 28 .6 
loxaphene-DDT 3.25 15.0 6.1 14.2 3.4 10.3 59.0 
2-1) (4-day) 
Toxaphene-DDT 3.01 16.7 7.6 15.9 6.9 15.0 48 .4 
2-1) (8-day) 
Dieldrin-DDT 1.00 15.7 72 15.5 3.8 12:2 48.0 
1-2) (4-day) 
Dieldrin-DDT 0.99 18.3 10.7 18.8 6.9 15.2 38.9 
1-2) (8-day) 
Aldrin-DDT 0.96 12.1 8.1 16.4 6.7 14.8 38.6 
1-2) (4-day) 
Aldrin-DDT 1.00 13.4 10.0 18.4 6.4 14.6 41.8 
1-2) (8-day) 
L.S.D. at .05 level 4.5 3.4 11.5 





1 5-day intervals, 8 applications; 7-day intervals, 6 6 applic ations; 10-day intervals, 6 applications, from 7/23 to 9/8; 4-day intervals, 
applic ations; 8-day intervals, 4 applications, from 7/9 to 8/5. All treatments applied as sprays. 
* Pounds active ingredients per acre; 0.45 pound gamma isomer of BHC applied with D oT treatment on 9/8 for weevil control in 
Experiment 1. 
Average of 4 replicates; picking area was 0.05 acre per plot in Experiment 1, 0.04 acre per plot in Experiment 2. 
‘ Randomized blocks, 0.10 acre plots, each treatment replicated 4 times. 
Randomized blocks, 0.08 acre plots, each treatment replicated 4 times. 


of all treatments to protect bolls from boll 
weevils migrating into the field. However, 
from July 23 when the first application of 
DDT was applied to September 8 when 
the last application was made, the boll- 
worm was the only insect present in dam- 
aging numbers. 

Forty per cent of the squares had been 
injured by the bollworm at the time the 
initial applications of DDT were made. In- 
festation records were taken every 5 days, 
from July 22 to September 7. During the 
first 30 days of this experiment, two well- 
defined broods of bollworms appeared in 
the field, and it was during this time that 
the yield of cotton was so greatly reduced 
in the untreated check. 

The 5-day interval treatments received 
eight applications of DDT and the 7- and 
10-day interval treatments received six 
applications. There would have been a 
greater spread in the number of applica- 
tions had not heavy rains interfered with 
the schedule during the last week of Au- 
gust. However, during the first 30 days of 






















the experiment when the two broods of 
bollworms were so damaging, the desired 
treatment schedules were closely followed. 

Statistical analysis, made by means of 
angle transformations, of the injured boll 
data indicated that significantly better 
bollworm control was obtained with 1.5 
pounds of active ingredient of DDT ap- 
plied every 5 days than when applied 
every 7 or 10 days. It was also more effec- 
tive than 0.75 pound of DDT applied 
every 5 or 7 days. There was no significant 
difference in boll damage among treat- 
ments receiving 0.75 pound of DDT at 5- 
or 7-day intervals or 1.5 pounds of DDT 
at 7- or 10-day intervals. All treatments 
had significantly less boll damage than the 
check. 

The yield record was made on October 
21. The difference in boll damage as men- 
tioned in the foregoing paragraph was also 
reflected in the yield of seed cotton. Plots 
receiving 1.5 pounds of DDT at 5-day in- 
tervals yielded significantly more seed 
cotton per acre than the other treatments. 
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There was no significant difference among 
the other treatments. All treatments re- 
sulted in a significant gain over the check. 

Experiment 2, table 1, was conducted in 
a manner similar to that reported by 
Hanna & Mistric (1952). It was designed 
to compare the relative effectiveness of 
toxaphene-DDT (2-1), dieldrin-DDT (1- 
2), and aldrin-DDT (1-2) as sprays for 
late-season control of cotton insects when 
applied at 4- and 8-day intervals. The 4- 
day interval treatments received seven 
applications while the 8-day interval 
treatments received four applications. 
The initial application was made on July 
9 and the last on August 5. The dosages 
were the same as those currently recom- 
mended to the planters. Insect infesta- 
tion records were made every 5 days from 
July 9 to August 5. 

Yield records were made on August 26 
and September 24, but due to the extreme 
land variation which caused a correspond- 
ing variation in the growth of the cotton 
in the test, the yield and its statistical 
analysis will not be considered. It was 
necessary to examine the insect damage 
and its relation to individual treatments 
to make comparisons. Here again, as in 
experiment 1, the primary damage was 
due to the bollworm and little, if any dam- 
age could be attributed to the boll weevil. 

The results of this experiment paral- 
leled results obtained by Hanna & Mistric 
(1952). All of the insecticides applied at 
4- and 8-day intervals resulted in essen- 
tially the same bolloworm control in 1953 
as they did for boll weevil control in 
1952. Significantly better bollworm and 
boll weevil control was obtained with 
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toxaphene-DDT and dieldrin-DDT ap- 
plied at 4-day intervals than at 8-day in- 
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not result in significantly better bollworm 
or boll weevil control when applied at 4- 
day intervals than when applied at 8-day 
intervals. All materials were equally ef- 
fective at 8-day intervals. Since these are 
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bollworm control were conducted in the 
Brazos Valley during 1953 to study the 
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plications of insecticides and of increased 
dosages when applied at intervals greater 
than 5 days. The insecticides were applied 
as sprays to cotton. 
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trol and greater yields were obtained in 
all treatments than in the untreated check. 

Significantly better bollworm control 
was obtained when toxaphene-DDT or 
dieldrin-DDT was applied every 4 days 
than every 8 days. These materials when 
applied every 4 days were more effective 
than aldrin-DDT every 4 days. Applica- 
tions of aldrin-DDT applied at 4- and 8- 
day intervals were equally effective. All 
materials were equally effective when 
applied every 8 days. 
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Endrin Spray for Bo 


D. F. Martin ano W. J. Mistric, Jr., Teras - 


Endrin, a stereoisomer of dieldrin, was 
made available during 1951 for experi- 
mental investigation. In laboratory ex- 
periments sprays of this material were 
found to be highly effective in the control 
of lepidopterous larvae such as the cotton 


leafworm, Alabama argillacea (Hbn.); 
garden webworm, Lovxostege similalis 


’ 


(Guen.); and salt-marsh caterpillar, Es- 
tigmene acrea (Drury) (Gaines & Mistric 
1952, Mistric & Gaines 1953). Endrin was 
considerably more effective than dieldrin 
in controlling these species and also com- 
pared favorably to dieldrin for boll weevil, 
Anthonomus grandis Boh., control. Cal- 
houn & Dunnam (1953) found endrin 
spray to be as effective as dieldrin-DDT 
spray when used to control the boll weevil 
and bollworm, Heliothis armigera (Hbn.), 
under field conditions. 

Endrin appeared very promising for the 
control of many cotton insects, however 
more information was needed relative to 
its effectiveness when used for bollworm 
control. Therefore, two randomized, rep- 
licated small-plot field experiments were 
conducted in the Brazos river bottom near 
College Station during 1953 to obtain 
additional information regarding its effec- 
tiveness against the bollworm and the re- 
sults are reported in this paper. 

MATERIALS AND Metruops.—The field 
plot experiments were of a randomized 
block design. Each insecticidal treatment 
and the check was replicated four times. 
Each plot was 12 rows wide and 109 feet 
long (0.1 acre). Insect infestation and yield 
records were taken on the six middle rows 
of each plot (.05 acre). The insect infesta- 
tion records were made in accordance with 
the standard recommended procedures. 

The sprays were applied with a power 
sprayer developed for spraying small 
plots (Gaines et al. 1952). Seven and one- 
half gallons of spray were applied per acre 
when operating the sprayer at 5 miles per 
hour. The sprayer pump was operated at 
60 pounds of pressure per square inch, and 
three hollow cone nozzles were used per 
row. An auxiliary nozzle delivered spray 
into a jar which made it possible to ac- 
curately measure the amount of insecti- 
cide applied to each plot. Different dos- 
ages of insecticides were obtained by vary- 
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ing the concentration of the emulsion 
sprays. 

Resuits.—Exzperiment 1.—This_ test 
was conducted to compare the effective- 
ness of toxaphene-DDT (2-1), endrin, en- 
drin-DDT (1-1), gamma isomer of BHC- 
DDT (38-5), and EPN-DDT (1-2) as 
sprays for bollworm control (Table 1). 
Six effective spray applications were 
made from July 8 to August 18. Insect in- 
festation records were made from June 25 
to August 25. Yield records were made 
August 7, 24, and September 29. 

This experiment was conducted in a 
field of extremely early-planted cotton. 
The grower used 20 per cent toxaphene-40 
per cent sulfur dust to control the insects 
present early in the season. The larvae of 
the first brood of bollworms were rela- 
tively large when the treatments were be- 
gun on July 8. The infestation peak of this 
brood was reached on July 17 when 
squares and bolls were heavily infested. 
The infestation peak of the second brood 
was reached on August 12. The treat- 
ments were continued at approximately 
5-day intervals until August 18. A dam- 
aging number of bollworms occurred 
throughout this period. 

At no time did the boll weevil infesta- 
tion exceed 25 per cent punctured squares. 
The boll weevil was not considered to be a 
factor in influencing the yields in this ex- 
periment. An infestation of the desert 
spider mite, Tetranychus  desertorum 
Banks, occurred over the entire experi- 
ment during July. Aramite spray was 
used on all plots to control it before dam- 
age occurred. 

A sufficient residue of the insecticides 
remained on the plants following the last 
application on August 18 to effectively 
control the cotton leafworm until the 
middle of September. A chemical defoli- 
ant was then used on all of the treated 
plots. The four check plots were com- 
pletely defoliated by the leafworm during 
the first week in September. 

All of the treated plots yielded signifi- 
cantly more seed cotton than the check 


t Technical Contribution No. 1939, Texas Agricultural Ex 
periment Station in Cooperation with Entomology Research 
Branch, Agricultural Research Service, U. S. Department of 
Agriculture. 
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Table 1.—The average boll weevil and bollworm infestation and yield of seed cotton in tests to 
evaluate endrin sprays at College Station, Texas,' 1953. 








SQUARES 
PUNCTURED 


BotitworM INJURED YIELD 
—-- en PER 





BY BoLn  — 
DosaGeE? 


Squares 


Bolls Piotr 








TREATMENT 


WEEVIL 


Per cent 


Per cent 


Angles Per cent Angles Pounds 


Experiment 1° 


19.4 


Check 23.6 
10.4 


Toxaphene-DDT 2;{ 14.9 
(2-1) 

Endrin 34 14.6 
Endrin-DDT 48 14.1 
(1-1) 

BHC-DDT 8 20.6 
(3-5) 

EPN-DDT 

(1-2) 

L.S.D. at 0.5 level 


11.6 
9.1 


26. 


12.4 20.6 87 
18.5 3 


11.4 113 


19. 4.5 12. 112 
17. 3.2 3 117 


18.2 
22 .$ 


4. 


Experiment 24 


Check 9.: 26.1 
Toxaphene-DDT 95 9. 14.5 
(2-1) 
Endrin 17.§ 
Endrin 
Endrin of ; 10. 
Endrin-DDT 245 4. 14. 
(1-2) 
L.S.D. at 0.5 level 


3 
17.8 
7 
7 





1 Randomized blocks, 0.10 acre plots, each treatment replicated 4 times. 
2 Pounds active ingredients per acre; BHC refers to gamma isomer content. 


8 Six spray applications from 7/8 to 8/18. 
4 Nine spray applications from 7/23 to 9/17. 


plots. There were no significant differ- 
ences in yield among any of the treated 
plots. There were no significant differences 
in boll weevil infestation among any of 
the treated and check plots. All the 
treated plots showed significantly less 
boll injury than the check plots. There 
were no significant differences in boll in- 
jury among treated plots. All of the 
treated plots, except those treated with 
EPN-DDT (1-2), had significantly less 
square injury than the check plots. Plots 
treated with endrin-DDT (1-1) had sig- 
nificantly less square injury than the plots 
treated with EPN-DDT (1-2). There 
were no differences in the number of 
bollworm eggs recorded from any of the 
treated and check plots. Increased yields 
in treated plots were duc to bollworm con- 
trol obtained with the different insecti- 
cides or mixtures of insecticides. When 
used for bollworm control under the con- 
ditions of this experiment, endrin at 0.32 
pound of active ingredient per acre and 
endrin-DDT (1-1) at 0.48 pound were as 
effective as toxaphene-DDT (2-1) at 
2.91 pounds and gamma isomer of BHC- 


DDT (3-5) at 0.87 pound. EPN-DDT 
(1-2) also compared favorably with the 
above materials for bollworm control at 
0.96 pound active ingredients per acre. 

Experiment 2.—This test was con- 
ducted to obtain additional information 
relative to the dosage of endrin required to 
effectively control the bollworm (Table 1). 
The treatments in this experiment in- 
cluded toxaphene-DDT (2-1), 0.25 pound 
endrin, 0.33 pound endrin, 0.50 pound 
endrin, and endrin-DDT (1-2). Nine ef- 
fective spray applications were made from 
July 23 to September 17. Insect infesta- 
tion records were made from July 22 to 
September 24. The vield record was made 
on October 19. 

This experiment was conducted in a 
field of extremely late-planted cotton. 
The grower used 20 per cent toxaphene-40 
per cent sulfur dust to control the insects 
present early in the season. The larvae of 
the first brood of bollworms were rela- 
tively small when the treatments were be- 
gun on July 23. The infestation peak of 
this brood of bollworms was reached at 
this time when squares were heavily in- 
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fested. The second brood of bollworms 
reached the peak of injury on squares and 
bolls on August 17. Treatments were con- 
tinued at approximately 5-day intervals 
until September 17. A damaging number 
of bollworms occurred throughout this 
period. 

The boll weevil was not considered to 
be a factor in influencing the yields in this 
experiment. At no time did the weevil in- 
festation exceed 15 per cent punctured 
squares. An infestation of the desert 
spider mite occurred over the entire ex- 
periment during August. Aramite spray 
was used on all plots to control the spider 
mite before damage occurred. A light in- 
festation of the cotton aphid, Aphis 
gossyprt Glov., occurred at this time in the 
check plots. 

Apparently a sufficient residue of the 
insecticides remained on the plants follow- 
ing the last application on September 17 
to effectively control the cotton leafworm 
until the first week in October. A chemical 
defoliant was then used on all of the 
treated plots. The four check plots were 
completely defoliated by the leafworms 
during the last week in September. 

All of the treated plots yielded signifi- 
cantly more seed cotton than the un- 
treated check. There were no significant 
differences in yield among the treated 
plots. There were no significant differences 
in boll weevil infestation among the 
treated and check plots. No significant 
differences were found among the treated 
and check plots on the basis of injured 
bolls. All of the treated plots had signifi- 
cantly less square injury than the un- 
treated checks. Endrin plots treated with 
0.53 pound of active ingredient per acre 
had significantly less square injury than 
plots treated with endrin at 0.25 or 0.34 
pound. There were no significant differ- 
ences in square injury among the plots 
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treated with endrin at 0.53 pound per 
acre, toxaphene-DDT (2-1) at 2.92 
pounds, or endrin-DDT (1-2) at 0.75 
pound. There were no differences in the 
number of bollworm eggs recorded from 
any of the treated and check plots. In- 
creased yields in treated plots were due to 
bollworm control obtained with the differ- 
ent insecticides or mixtures of insecticides. 
When used for bollworm control under the 
conditions of this experiment, the three 
endrin treatments and the endrin-DDT 
treatment compared favorably with toxa- 
phene-DDT. 

SumMary.—Two randomized, _repli- 
cated small-plot field experiments were 
conducted in the Brazos river bottom near 
College Station to obtain additional in- 
formation regarding the effectiveness of 
endrin and endrin-DDT sprays for control 
of the bollworm. Heavy bollworm injury 
occurred in both experiments. In one ex- 
periment endrin at 0.33 pound active in- 
gredient per acre and endrin-DDT (1-1) 
at 0.48 pound compared favorably with 
toxaphene-DDT (1-2) at 2.91 pounds, 
gamma isomer of BHC-DDT (3-5) at 
0.87 pound, and EPN-DDT (1-2) at 0.96 
pound. All treatments were about equally 
effective in controlling the bollworm. All 
treatments resulted in a significant in- 
crease in the yield of seed cotton over the 
check but there were no significant differ- 
ences in yield among any of the treat- 
ments. In the other experiment endrin 
at 0.25, 0.34, and 0.53 pound active in- 
gredient per acre and endrin-DDT (1-2) 
at 0.75 pound compared favorably to 
toxaphene-DDT (1-2) at 2.92 pounds. All 
treatments were about equally effective in 
controlling the bollworm. All treatments 
resulted in a significant increase in the 
yield of seed cotton over the check, but 
there were no significant differences in 
yield among any of the treatments. 
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Investigations conducted at Phoenix, 
Arizona, in June and September 1951 
provided information on the dispersal of 
Musca domestica from two problem areas 
(Schoof et al. 1952). In 1952, further 
studies were made to ascertain the relative 
influence of five major fly production 
sources upon the control program which 
was operating within the community. Asa 
measure of the individual importance of 
‘ach location, the dispersion patterns of 
marked flies released simultaneously at 
the five sites were determined. This paper 
summarizes the findings. 

Mernops.—Procedures of operation 
can be summarized as follows: 

a. Removal of approximately 70,000 flies from 
the normal fly population at each release site. 
Tagging the captured specimens with P-32 by 
feeding them radioactive milk for a 24-hour 
period. 

c. Marking the radioactive fly population at each 
site with a dye, the latter being characteristic 
of the release point involved. 

d. Recapture of marked, dyed specimens by 

means of baited traps located at varying dis- 

tance intervals from the release points. 


b. 


Radioactive milk was prepared at the 
rate of 1 microgram of P-32 for each milli- 
liter of milk solution. The feeding methods 
were the same as those outlined in pre- 
vious tests (Schoof et al. 1952). 

The five dyes used to mark the radio- 
active specimens were Calco Oil Red 
N-1700, Caleogas Green O-9660, Calco Oil 
Yellow ZG concentrate, Calcogas Violet 
special, and Calco Oil Black B-3804.? 
Each of the agents was dissolved in an 
acetone solution at the rate of 2.5 grams of 
dye per 100 milliliters of acetone. This 
solution was then sprayed upon the caged 
specimens with an ordinary household 
hand sprayer. Although laboratory tests 
indicated this method of marking to be 
adequate, field application showed that 
certain dyes, particularly the yellow and 
violet, failed to remain in suspension and 
clogged the spray equipment rapidly. As 
a result, the flies at two sites were treated 
directly with the dye powder as described 
by Schoof & Mail (1953). All dyes were 
applied to the flies at the close of the 24- 
hour period of feeding radioactive milk to 
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the specimens. Immediately after dye 
treatment, the specimens were released, 
the liberations occurring simultaneously 
from the five problem areas at dusk. 

The liberation sites selected included a 
poultry ranch, lettuce dump, rendering 
plant, meat packing concern, and a hog 
farm. Each of these locations was a source 
of high fly attractivity and possessed a 
breeding potential ranging from moderate 
to heavy. Figure 1 shows the location of 
five sites with reference to the city of 
Phoenix. 

In establishing the pattern of recovery 
traps, stations were designated for each 
release site separately at distances of 0.5 
mile, 1, 2, 3, and 4 miles. To measure the 
directional movement of specimens from 
each site, the 0.5- and 1-mile intervals for 
each release point contained — traps 
throughout their circumferences. At the 
more distant intervals, fly traps were 
located only in the direction of the city it- 
self. As the trap patterns of the various 
sites overlapped to a large degree, the en- 
tire complement of stations was con- 
sidered as serving each release point, thus 
giving a total of 123 sites for each libera- 
tion point throughout a 7.5 mile range. 
Collections were begun 24 hours after the 
specimens were released and continued 
daily for a 7-day period. The eighth col- 
lection represented a 3-day catch. In addi- 
tion to the outlying traps, a single trap 
was operated at each release site for the 
time intervals previously indicated. 

To detect the tagged dyed flies, the 
trap collections were first processed by a 
count rate meter equipped with a Geiger 
tube having a mica end window with a 
thickness of 3.2 milligrams per centimeter. 
All radioactive specimens recovered were 
then treated with acetone and/or acetic 
acid to determine the type of dye present. 

Resutts.—Table 1 depicts the re- 
covery of marked specimens liberated at 
the five release points. As is evident, a 
higher percentage of the flies released at 

1 From the Communicable Disease Center, Public Health 
Service, U. S. Department of Health, Education, and Welfare, 
Atlanta, Ga., and Phoenix, Ariz., respectively. 


2 Products of Caleo Chemical Division, American Cyanamid 
Co., Bound Brook, N. J. 
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Table 1.—Number of flies released and number of flies captured as related to five different libera- 


tion sites. 








PouLTRY 
RANCH 


| 
| Hoe 
| Farm 


} 

| 

LETTUCE 
Dump 


Meat 
PACKING 
CONCERN | 


RENDERING | 


PLANT Tora. 





Tagged flies released 60,300 75,000 
Tagged flies recovered 
Release point 
Field sites 


378 
1,124 
Total flies recovered 


Release point 
Field sites 


41,760 


74,820 71,940 59,940 342,000 


] 
| 
} 
| 
| 
| 


163 
269 


2,949 
3,304 


802 
454 


940 
641 


22,946 


176 , 626 


3,389 , 843 





the hog farm (1.9 per cent) was recap- 
tured outside the liberation point than 
occurred with flies released at the other 
four locations. However, on the basis of 
tagged flies trapped at each release point 
itself, the hog farm ranked fourth, re- 
coveries at the meat packing house and 
lettuce dump exhibiting the maximum 
percentages of 1.3 and 1.1. In view of the 
relatively low number of total flies 
trapped at the poultry ranch, this site 
provided a disproportionately high quan- 
tity of tagged flies. 

Of the 3,304 tagged flies retrieved at 
the field sites, the maximum recovery 
occurred on the fourth day after liberation 
when 726 radioactive specimens were 
trapped (Table 2). The collection for the 
initial postrelease day yielded 274 flies, 
the number of marked flies increasing up 
to the fourth day, and thereafter declining 
to 117 specimens on the last postrelease 
survey (tenth day). The same general 
sequence of prevalence noted for the com- 
bined data was manifested for the five in- 
dividual release points, the recapture of 
specimens released at the poultry ranch 


Table 2.—Number of tagged and untagged 
flies recovered at field sites, by time interval. 








Rapio- 
DaTE UNTAGGED ACTIVE! 


ay 17 285,705 
18 239 , 402 
19 385 , 367 
20 521,645 
21 562, 000 
22 490, 180 
23 $44,095 
26 638 , 075 


3,304 


Total 


3,566, 469 





! Excludes flies taken at the same release point at which they 
were liberated. 


site being the only instance in which 
maximum recovery of the tagged flies did 
not prevail on the fourth postrelease day. 
As the time interval increased, the factors 
of distribution and of mortality gradually 
diminished the chances of tagged speci- 
men recovery. Untagged fly recovery 
fluctuated in magnitude during the survey 
period but no specific trends were appar- 
ent. 

At each of the five sites at which the 
specimens were liberated, the recapture of 
marked flies followed the expected pat- 
tern, the greatest number being taken on 
the first postrelease day, after which the 
numbers generally diminished (Table 3). 
At all release sites except the rendering 
plant, the decline was progressive. At that 
site, both tagged and untagged fly re- 
coveries were meager® except during the 
fourth postrelease day when more than 70 
per cent of the total tagged flies retrieved 
were collected. The upsurge of recovery of 
marked specimens at the rendering plant 
site for that one period was the chief 
‘ause of the break in the progressive de- 


3 Evidence indicated that plant personnel sprayed the premises 
during this time which presumably accounts for the low re- 
coveries. 


Table 3.—Number of tagged and untagged 
flies recovered at the 5 release sites. 








DATE 
May 17 12,246 
18 15,015 
19 12,200 
20 23,005 
21 24,480 
22 31,570 
23 25,110 | 
26 33,000 


176 , 626 


UNTAGGED TAGGED 


1,706 


Total 2,949 
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Fic. 1.—Map of Phoenix, Arizona, showing the location of the five liberation sites. 


crease in numbers apparent on the fourth 
postrelease day (Table 3). 

For a measurement of the speed‘of “dis- 
persal of the marked fly populations from 
the release points, the number of sites 
positive for tagged specimens was con- 
sidered in relation to time. As is evident 
from figure 2, the principal area of recap- 
ture of tagged flies during the initial 24 
hours after liberation was within the 0.1- 
to 1.1-mile zone. Within 48 to 72 hours, a 
comparable percentage of positive sites 
occurred within the 1.2- to 2.3-mile zone. 
Similar, although lesser, augmentations 
were apparent at the more distant inter- 
vals concurrent with the increase in time. 
When speed of dispersal is based on the 
capture of individual specimens, move- 
ment from the five sites ranged from 1.8 
to 5.0 miles within 24 hours, and from 3.3 
to 5.6 miles within 48 hours. However, as 
these records are more representative of 
the extreme movements of a few flies, the 


data in figure 2 can be considered to be 
more characteristic of the population as a 
whole. 

As an index to the degree of influence 
which each problem site exerted upon the 
community, trap collection data for sta- 
tions located within 1.2 miles on opposite 
sides of each liberation site were tabu- 
lated separately. Based on the average 
number of tagged flies per trap, the re- 
sults (Table 4) showed that, for the hog 
farm and rendering plant releases, higher 
trap indices were obtained in the areas 
away from rather than toward the city. 
The opposite was true for flies released at 
the lettuce dump and poultry ranch. At 
the meat packing concern, dispersion was 
of approximately equal magnitude in 
both directions. These latter data are 
contrary to those reported previously 
(Schoof et al. 1952), when the major fly 
movement from the same liberation site 
was toward the city. 
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Fic. 2.—Speed of movement of tagged fly population based on cumulative percentage 


of positive stations, at 


The amount of population movement 
from each release point as measured by 
percentage recovery of marked flies re- 
vealed 68, 81, 53, 61, and 72 per cent of 
the total number of tagged specimens re- 
trieved from the releases at the hog farm, 
poultry ranch, meat packing concern, 
lettuce dump, and rendering plant, re- 
spectively, to be recaptured within 1 mile 
of the liberation site. Within 2.3 miles, the 
cumulative percentages totaled 80, 89, 91, 
85, and 91. Because the trapping areas of 
each release point overlapped, the number 
of traps per distance interval was erratic. 
To equalize this factor, the percentage re- 
covery of radioactive flies was also com- 
puted on the average number of flies re- 
captured per trap site. Percentage indices 
on this basis for the 1-mile zone were 59, 
81,73, 73, and 72 for the hog farm, poultry 


Table 4.—Indices of tagged fly recoveries at 
sites away from and toward the community. 








AWAY 





50.6 
23.0 
21.0 
15.0 
17.3 


Hog farm 

Poultry Ranch 

Meat Packing Plant 
Lettuce Dump 
Rendering Plant 


| 
| 
| 
| 
| 





7 distance intervals. 


ranch, meat packing concern, lettuce 
dump, and rendering plant, respectively 
(Figure 3); within the 2.3 mile circumfer- 
ence, 86, 94, 91, 94 and 94. 

In viewing these percentages, however, 
consideration must be given to the un- 
equal distribution of the traps per unit 
area as related to distance from the re- 
lease point. In proportion to the area in- 
volved, the innermost zone (0.2 to 1.1 
mile) was favored for all release points ex- 
cept the meat packing plant. At the latter, 
the ratio between traps at 0.2 to 1.1 miles 
and at 1.2 to 2.3 miles was 1 to 2.8. This 
proportion contrasted the 1:1 or 2:1 
ratios which existed between the two 
zones, respectively, at the remaining re- 
lease points. Despite a closer relationship 
between unit area and trap distribution, 
the percentage recoveries for the meat 
packing plant at the 0.2- to 1.1- and the 
1.2- to 2.3-mile zones were 73/19 in com- 
parison to percentages of 59/27, 81/13, 
73/21 and 72/21 for the other release 
points. The lowest recovery rate within 
the 1-mile zone occurred for the hog farm 
release where twice as many traps were 
located in the 0.2- to 1.1-mile zone as in 
the 1.2- to 2.3-mile zone. In one instance, 
25 traps in the 6.0- to 7.1-mile band from 
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Fig. 3.—Percentage recovery of tagged flies per distance intervals. 


lying stations. In contrast, recoveries for 
the populations liberated at the meat 
packing concern and at the lettuce dump 
revealed the highest rates of recapture to 
occur at the release points. At the lettuce 
dump, the pattern of trap distribution 
appeared to favor the release site since 


the lettuce dump release site yielded only 
0.16 flies per trap, whereas two traps at 
the same distance from the meat packing 
plant provided 1.0 fly per trap. This sug- 
gests that an augmentation in the number 
of positive flies recovered is not necessarily 
a sequel to an increase in the number of 
traps at those distances. only 15 traps were located in the 0.3- to 
Since the 122 trap sites were not lo- 2.3-mile zone, a distance interval which 
‘ated in specific bands as related to any possesses the maximum recapture po- 
one release point, they could be combined — tential. However, at the meat packing 
into units at successive distance intervals _ site, this same zone contained 49 traps and 
of 0.2 mile and the mean distance traveled — the release point still yielded 1.4 times as 
computed therefrom by the grouped data many flies as the outlying traps. Appar- 
method. Based on all traps between 0.3 ently the release points at the lettuce 
and 8.0 miles, the mean distance traveled dump and meat packing concern offered 
for the tagged population released at the greater degrees of attractivity (attra- 
hog farm was 1.5 miles, at the poultry hents and less population pressure) than 
ranch 0.76 mile, meat packing concern 1.2 did the proximate outlying sites. At the 
miles, lettuce dump 1.3 miles, and ren- hog farm, the data indicate that the re- 
dering plant 1.0 mile. As no traps were lo- verse situation prevailed. 
cated closer to a release point than 0.2 Further results of the tests are con- 
mile except at the release sites which were — sidered separately for each release site: 
excluded from the computations, these Hog Farm.—The 1,124 tagged house 
mean distances contain a degree of bias flies recovered from this release repre- 
toward an extended range. sented 87 of the 122 trap locations (71 per 
The number of tagged flies recaptured cent). Of significance is the fact that 90 
at field sites and at the individual release per cent of the 51 stations within the ur- 
points varied with the release site. At the ban area of Phoenix yielded marked flies. 
hog farm release site, the number of All stations within 3.5 miles of the libera- 
specimens recovered was approximately tion site were positive for tagged Musca 
one-third the number retrieved at the out- domestica. 





at 
np 
to 
ce 
on 
ice 
to 
ch 
0- 
ng 
nd 
as 
ar- 
ice 
“ed 
ra- 
jan 
the 
re- 


On- 
use 
re- 
per 
90 
ur- 
ies. 
Ta- 
sca 


October 1954 


Poultry Ranch.—Radioactive specimens 
released at this site occurred in 57 per cent 
of the trap sites. Of the urban stations, 38 
were positive for tagged flies. All sites less 
than 2.6 miles from the poultry ranch 
vielded radioactive specimens. 

Meat Packing Concern.—Tagged flies 
spread from this site throughout the study 
area, being found in 72 of the 122 collect- 
ing stations. Radioactive Musca domestica 
were encountered in all types of residen- 
tial and business areas of the city, 56 per 
cent of the 52 urban traps retrieving speci- 
mens liberated at the meat packing con- 
cern. All trap stations within 1.9 miles 
were positive for marked flies. 

Lettuce Dump.—Dispersion of marked 
flies from this site followed a north- 
eastern path, positive sites being scattered 
over the western half of the city. The loca- 
tion of the release site approximately 2 
miles southwest of the western border of 
the community placed the eastern half of 
Phoenix more than 4 miles from the let- 
tuce dump. This fact accounts for the 
finding that only one of the 18 sites in the 
eastern half was positive for tagged flies. 
Of the total stations in the city, 34 per 
cent yielded radioactive Musca domestica; 
the identical percentage was positive for 
the 122 trap sites within the entire study 
area. 

Rendering Plant.—Marked specimens 
liberated at this site succeeded in pene- 
trating city environs to a limited extent 
only. Of the 52 urban sites, 10 were posi- 
tive for marked house flies. For the entire 
study area, a total of 49 traps recaptured 
radioactive specimens. Although the num- 
ber of specimens taken was low, all but 
one of the 20 stations north of the Salt 
River (0.7 to 1.9 miles) yielded tagged 
flies. 

Discusston.—One_ objective of this 
multiple release study was to assay the 
relative importance of the five problem 
sites in contributing to the fly prevalence 
within the city environs. Factors involved 
in establishing the significance of the vari- 
ous sites included fly production potential, 
proximity of site to the community, at- 
trahents in the zone between city and 
site, and direction of dispersal from the 
site. Other agents such as chemical and 
sanitational control measures were not 
considered in this appraisal since their 
initial utilization is contingent upon the 
relative significance of the site as a fly 
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problem source and, therefore, of second- 
ary value. 

The fly potential of the five sites varied 
both in magnitude and tenure. The let- 
tuce dump reflected a problem area of ex- 
tremely high potential but one whose 
duration was limited to the period during 
which the crop was being harvested 
(April-May, September). All of the re- 
maining sites were of season-long impor- 
tance. The poultry ranch surpassed the 
meat packing plant, rendering plant, and 
hog farm in the quantity and quality of 
fly production media available. The hog 
farm offered the least amount of breeding 
area with the meat packing and rendering 
plants of equal value. 

In regard to distance from the commu- 
nity, the hog farm and poultry ranch were 
located on the northern and eastern city 
borders, respectively, while the meat 
packing concern, lettuce dump, and ren- 
dering plant were approximately 0.5, 2.0, 
and 1.8 miles, respectively, from the 
southern perimeter of the community. A 
comparison of the percentage of stations 
located within the city which were posi- 
tive for marked flies from each release site 
gives some measure of the effect of dis- 
tance upon the dispersion pattern. These 
data show that the hog farm ranked first, 
having 90 per cent of available sites posi- 
tive, followed by the poultry ranch (73 
per cent), meat packing plant (56 per 
cent), lettuce dump (34 per cent), and 
rendering plant (19 per cent). 

The previous factors, coupled with the 
directional data in table 4, yield a signifi- 
cance ranking as follows: poultry ranch, 
hog farm, meat packing plant, rendering 
plant, and lettuce dump. Thus, from the 
control standpoint the first named three 
sites would deserve major emphasis. 
Further, in view of their location almost 
2 miles from the city environs, it would 
seem logical to de-emphasize, if not dis- 
regard, the lettuce dump and rendering 
plant as potent threats to the efficacy of 
the community program. Were either of 
the sites closer to the city, it might pro- 
voke significant infiltration into the city. 
That substantial penetration of the city 
by flies produced at the lettuce dump did 
not occur favors the designation of dump- 
ing sites for lettuce culls at distances of 2.0 
miles or greater from the city. 

The question as to what constitutes the 
control or effective range of dispersion of 
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Musca domestica is one not wholly subject 
to a categorical reply. Previous studies by 
Bishopp & Laake (1921), Lindquist et al. 
(1951), Yates et al. (1952), Quarterman et 
al, (1954a, 1954b), Parker (1916), and 
Schoof et al. (1952) have shown that the 
majority of tagged flies recovered (65 to 
90 per cent) was within 1 mile of the re- 
lease point. The significance of the fewer 
tagged specimens caught at distances be- 
yond 1 mile cannot be assayed with cer- 
tainty since most of the workers did not 
establish trapping designs commensurate 
with the areas involved. Theoretically, to 
provide each distance zone with an equal 
chance of recapturing marked specimens, 
the number of traps per zone should bear 
resemblance to areal relationships of the 
various zones (e.g., the 0.5- to 1.0-mile 
zone should contain three times as many 
traps as the 0.1- to 0.5-mile zone, the 0.1- 
to 1.0-mile zone one-fifth the number of 
traps in the 2.0- to 3.0-mile band). Schoof 
et al. (1952) attempted to equalize trap 
distribution on a circumferential basis, 
and in a later study‘ actually placed on an 
areal basis as many traps proportionately 
in the outer 0.5-mile zone as were present 
in the proximate band (0.1- to 0.5-mile). 
Yates et al. (1952) also distributed the 
traps proportionately within 1.0 mile, but 
beyond that distance the stations were 
disproportionate in number to the amount 
of area involved. 

As a consequence, dispersion data be- 
yond the 1.0-mile distance have been sub- 
ject to much interpretation and an equal 
amount of conjecture. One method of 
weighting the data is to assay the tagged- 
fly recapture rate on the criterion of speci- 
mens per station and prorate this in ac- 
cordance with the area involved. By this 
procedure, the dilution factor which arises 
at the greater distances is counter- 
balanced and the lesser captures at 
greater distance intervals are evaluated 
on a basis more comparable to the fruitful 
yields at the closer intervals. 

The same method of equalization can 
be computed on the number of flies per 
collection per interval area or by relating 
the captures per distance intervals to the 
increasing amount of circumference in- 
volved. Whatever technique is utilized, it 
generally results in an extension of the 
dispersion range of flies. Whether such an 
extension is justified cannot be proved or 
disproved with the available evidence. 
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However, it is apropos to indicate that 
these methods of handling the data are 
subject to criticisms on two points. The 
first concerns the assumption, for exam- 
ple, that if a single trap in the 4.0-mile 
zone from the release point retrieves two 
house flies, this recapture rate is equiva- 
lent in value to an average of eight flies 
per trap for 15 traps on the 1.0-mile ring 
(circumferential ratios for the two dis- 
tances, respectively, are 4:1). On this 
basis, the operation of 60 traps on the 
4-mile circumference should yield the 
same number of tagged flies per site, or a 
total of 120 flies. However, since the num- 
ber of positive collections per zone (Table 
5) or number of positive stations per zone 
(Figure 2) varies inversely with the dis- 
tance the zone is from the release point, 
such an assumption is erroneous. 

The second discrepancy in this form of 
reasoning is that it necessitates fly move- 
ment of equal magnitude in all directions, 
a point which has not occurred in the four 
dispersion studies at Phoenix, even within 
1 mile from the liberation site. At greater 
distances, the chances of such equalized 
distribution decrease. 

The present data on percentage re- 
covery of tagged specimens favor an effec- 
tive range of 2.0 miles in contrast to the 
1.0 mile previously mentioned (Schoof ef 
al. 1952). While the writers feel that rec- 
ognition of a 2.0-mile periphery lends an 
added margin of safety to the size of the 
extraurban area recommended as_ being 
placed under control, they are equally 
aware that operations in a peripheral zone 
of such extent would increase immeasura- 
bly the cost of control. Were such pro- 
cedures unmistakably warranted to ob- 
tain effective abatement in communities, 
recommendation of a 2.0 mile limit would 
be clearly justified. However, in view of 
past experience in community fly control, 
coupled with the data for the lettuce 
dump and rendering plants (two sites 1.8 
to 2.0 miles distant from the city), the 
writers consider the 1.0-mile zone as 
marking the general limits within which 
extraurban control efforts should be con- 
fined. Furthermore, in many instances 
such a limit may be reduced to 0.5 mile 
when fly breeding conditions therein 
justify such a move. Compliance with this 

4 Schoof, H. F. and R. E. Siverly. (Unpublished manuscript.) 
Urban fly dispersion studies with special reference to movement 
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Table 5.—Percentage of total collections posi- 
tive for tagged Musca domestica. 
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recommendation would yield not only ef- 
fective control of house flies but also 
would be more economical by preventing 
the unnecessary expenditure of funds in 
these outlying zones. This recommenda- 
tion is made, notwithstanding the evi- 
dence that copious sources of fly produc- 
tion 2 to 3 miles from a city have been 
shown to cause fly problems within that 
community. Such incidences represent 
the exception rather than the general rule 
and the writers believe community con- 
trol operations should be based on the 
latter principle, not the former. 

As has been indicated (Schoof & 
Siverly),* the common characteristic of fly 
dispersion is a basic randomness of move- 
ment from each point of contact. Upon 
this basic tendency for randomized dis- 
persion are superimposed five conditions 
or factors which modify or influence the 
pattern of dispersion. 

1. Population pressure 

2. Differentially attractive sites 

3. Geographical barriers 

4. Preferential movement 

5. Inherent tendency of fly to disperse 


Population pressure is a term commonly 
employed to indicate that a greater num- 
ber of individuals inhabit a given location 
than it can support in regard to the neces- 
sary prerequisites for existence. On this 
basis, the presence of sufficient breeding 
and feeding media at a site to support 
5,000 flies when more than 5,000,000 are 
present will lead to extreme competition 
which sooner or later forces a greater 
number of specimens to depart from that 
site than would occur if only 5,000 flies or 
less were present. With the present data 
(Table 1), the proportionately greater 
number of captures at the outlying sites of 
the hog farm and rendering plant releases 
can serve as examples of excessive popula- 
tion pressure at the liberation points; the 
reverse is true of the lettuce dump and the 
meat packing concern. 
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Differentially attractive sites are largely 
a matter of the degree of attractivity 
which ranges from the extreme of a site 
with copious attrahents to one without 
attrahents. In these tests, the sites which 
yielded the greatest fly captures also 
yielded the maximum numbers of tagged 
flies. The fact that certain attractive 
sites, which frequently are localized in- 
stead of dispersed, furnish more incitation 
to flies than do other sites thereby leads to 
a distortion of the basic randomness of 
dispersion. Likewise, if in close proximity 
to any given site there are numerous simi- 
larly attractive satellite areas, it is con- 
ceivable that the degree of movement 
beyond this general locale would be re- 
tarded. 

Barriers such as mountains, river, etc., 
serve to inhibit migration of certain ani- 
mals and presumably could do likewise 
with flies. The value or influence of “‘bar- 
riers’’ is difficult to assay. In the present 
tests, the dry bed of the Salt River ap- 
peared to discourage northward move- 
ment from the rendering plant, yet south- 
ward dispersion from the meat packing 
concern was not significantly different 
from that which occurred to the north. 

Preferential movement is an end prod- 
uct of differentially attractive sites 
Whenever the distribution of fly-attrac- 
tive points within an area provides a pre- 
ponderance of favored locations in any 
one direction, the randomized pattern of 
dispersion becomes warped in that direc- 
tion (Table 4). 

Aside from the external factors which 
influence fly movement, apparently there 
exists within the physiological makeup of 
the house fly an inherent tendency to 
wander. The exodus of flies from certain 
sites where population pressure is lacking 
leads one to this surmise. Thus, in loca- 
tions where, from man’s viewpoint, flies 
should tend to tarry, a certain portion of 
the populations still departs for what ap- 
pear to be less desirable locations. 

When the data from these experiments 
are considered, together with field obser- 
vations and with findings by other work- 
ers, one arrives at this concept and ex- 
planation of fly dispersion. Initially it can 
be assumed that each newly emerged 
adult fly possesses a certain capacity for 
longevity and for the performance of 
other life functions. The extent to which 
these capacities are utilized is contingent 





upon the environmental conditions pres- 
ent in the general area where the adult 
fly is sedanied A second point is that 
similar to any given biological population, 
the individual components of a fly popu- 
lation disperse around a mean with ref- 
erence to longevity, size, developmental 
period, and other characteristics. Thus 
some individual females may lay a maxi- 
mum number of eggs, some a minimum, 
but the majority of the female population 
will have an egg production rate between 
the minimum and maximum rates of 
fecundity. If this approach is now applied 
to fly dispersion, one concludes that a 
small percentage of flies will be endowed 
with capacities for movement beyond 
that characteristic of the mass population. 
The same will also be true for minimum 
dispersion. In applying these deductions 
to the available data, it is obvious that 
some individual house flies possess the 
ability to move between points separated 
by 5 to 20 miles. It is likewise apparent 
that fly movement is essentially a mean- 
dering from one site to another. As a con- 
sequence, to arrive at a point 1 mile from 
the site of origin, the fly undoubtedly 
travels a distance far in excess of 1 mile. 
How far is purely in the realm of conjec- 
ture. In a previous paper,‘ the conserva- 
tive estimate of 15 miles of travel during 
the fly existence was given. 

Thus, by piecing together the available 
data and observations, it is apparent that 
house flies possess an initial energy capac- 
ity for movement on the order of 10 to 
20 miles. However, the compensatory 


nature of their meandering from attrac- 
tive site to attractive site usually results 
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Comparative Effects of Sesamolin, Sesamin, and Sesamo! 
in Pyrethrum and Allethrin Mixtures as 
House Fly Sprays 


W A. Gersporrr, NorMAN Mit.in, and Morton Brroza, Entomology Research Branch, 
Agr. Res Serv , U.S.D.A 


In 1941 Haller et al. (1942) isolated a 
crystalline solid from sesame oil, identified 
it as sesamin, and found it to be synergis- 
tic when a mixture of it with pyrethrins 
was tested against house flies, Musca 
domestica L. They likewise found the non- 
crystalline residue after removal of most 
of the sesamin to be very effective, thus 
indicating the presence of one or more 
other synergistic materials in sesame oil. 
Hlowever, no such materials have been 
identified. In 1903 a substance subse- 
quently named ‘‘sesamolin” was isolated 
by Canzoneri & Perciabosco (1903), but 
its possibilities in insecticidal mixtures 
were naturally not investigated. 

In a recent investigation of the con- 
stituents of sesame oil to seek synergists 
other than sesamin, exploratory work was 
first conducted with 22 fractions of sesame 
oil taken off a chromatographic column 
(Beroza 1954b). The fractions were mixed 
with pyrethrins at suitable concentra- 
tions, and the mortality of house flies 
caused by the mixtures in comparison 
with that caused by pyrethrins alone was 
determined by the turntable method. In 
subsequent work four crystalline solids 
were separated and identified as sesamin, 
sesamolin, sesamol, and a sterol (Beroza 
1954b). The comparative effect of these 
compounds in pyrethrum and _ allethrin 
mixtures was therefore determined. 

Sesamolin has been shown to possess 
two methylenedioxyphenyl groups, one of 
which is attached as an ether to a central 
nucleus (Beroza 1954b). This ether at- 
tachment distinguishes sesamolin from 
sesamin. The nucleus is believed to be 
identical with that of sesamin. The pro- 
posed formula of sesamolin is as follows: 

O 


CHi—-CH 


Sesamol is 3,4-methylenedioxyphenol. 
The chemical structure of the sterol is not 
known. The compound bears no similarity 
to the others and does not contain a 
methylenedioxyphenyl group. 

Mareriats.——The samples of these 
materials used in the tests were chemically 
pure; all were isolated from sesame oil ex- 
cept sesamol, which was prepared syn- 
thetically (Beroza 1954a). 

The samples of insecticides used for the 
mixtures and as standards of comparison 
were of high grade. The pyrethrum sam- 
ple contained 53 per cent of pyrethrin I 
and cinerin I as determined by the mer- 
cury-reduction method, and the allethrin 
analyzed 95 per cent by the hydrogenoly- 
sis method. 

ProcepureE.—Unfortunately, only very 
small amounts of the adjuncts could be 
allotted to the toxicity tests; therefore the 
tests could not be so extensive as was de- 
sirable. The proportion of adjunct to in- 
secticide and the number of sprays and 
replications had to be restricted. How- 
ever, the amounts available were sufficient 
for the purposes of the work; when re- 
quired, testing could be extended suffi- 
ciently to demonstrate definite effects. 

Preliminary tests were made with mix- 
tures of each adjunct with pyrethrins in 
refined kerosene. Since a relatively high 
effectiveness was indicated for sesamolin, 
a critical comparison of sesamolin and 
sesamin was then made. For this purpose 
sprays of the two insecticides, alone and 
mixed with each of the adjuncts, and also 
sprays of the adjuncts alone were pre- 
pared by dissolving them in refined kero- 
sene at concentrations determined ac- 
cording to the preliminary tests. To in- 
sure solution of the adjuncts, 10 per cent 
of acetone (by volume) was used as an 
auxiliary solvent. 

Knockdown and mortality were deter- 
mined in replicated tests, approximately 
100 flies averaging 2 to 3 days in age being 
used in each test. Since all the sprays 
could not be tested at one time, they were 
tested in series, each series including a 
standard and, except series 1, replicated 
against the same populations of flies. 
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Table 1.—Mortality of house flies caused by 
kerosene sprays selected to study the compara- 
tive effect of sesamin, sesamolin, sesamol, and 
the sterol in pyrethrum and allethrin mixtures. 








CONCENTRATION 
(Ma. per Dt.) Morrtatity 
- — N11 Day 


Adjunct (Per Cent) 


MATERIAL Insecticide 


Series 1 (Single tests) 
00 si 


Pyrethrins+ sterol 00 12 
Pyrethrins 100 — 8 


Series 2 (Two replicates) 
Pyrethrins +sesamol 100 500 
Pyrethrins 100 - 


Series 3 (Four replicates) 
Sesamin —- 100 
Sesamol . 100 


Pyrethrins + sesamin 100 100 
50 50 


Pyrethrins +sesamolin 50 50 
25 25 


100 20 
50 


Pyrethrins 744 
372 

186 

93 


_ Series 4 (Six replicates) 
Allethrin + sesamin 100 100 
50 50 


Allethrin +sesamolin 50 50 
25 25 


100 20 
50 10 


Allethrin 200 
100 
50 
25 





To evaluate relative toxicity and deter- 
mine the precision of the estimates, the 
mortality data for the sesamin and sesa- 
molin series were subjected to probit 
analysis as described by Finney (1952). 

Knockpown —The sprays containing 
sesamin and seamaolin alone caused no 
knockdown of flies. Those containing py- 
rethrins gave 100 per cent knockdown, and 
those containing allethrin 94 per cent or 
higher. 

Morrauiry.—The results obtained 
with the mixtures containing the chroma- 
tographic fractions will not be given. Only 
those containing sesamin and sesamolin 
caused higher mortalities than pyrethrins 
alone at the concentrations tested. These 
results were in agreement with the results 
on the mixtures containing the purified 
materials. The latter, together with those 
on all other selected sprays are assembled 
in table 1. 

Results obtained in the preliminary 
testing are given only for sesamol and the 
sterol (series 1 and 2). No further study 
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was made with these compounds. It is ap- 
parent that they were not synergistic 
under the conditions of the tests. Sesamol, 
then, is a compound containing the 
methylenedioxyphenyl group that is not 
synergistic with pyrethrins. 

The preliminary results with sesamolin 
and sesamin mixtures are not given, since 
they would add nothing to the informa- 
tion obtained in the more critical study. 
In the latter some comparisons may be 
made directly from considerations of mor- 
talities in conjunction with concentra- 
tions. Because the conclusions will only 
agree, insofar as they may, with the re- 
sults of the statistical analysis of these 
data, these comparisons will not be made 
separately now. 

EVALUATION OF RELATIVE EFFEctTs OF 
SESAMOLIN AND SESAMIN.—To put the 
relationships of sesamolin and sesamin (in 
series 3 and 4) on a quantitative basis, re- 
gression lines were fitted graphically to 
the data in table 1, the mean slope deter- 
mined in each series, and the equations 
for the provisional parallel lines deter- 
mined. The weighted regression equations 
were then computed. These equations, 
showing the regression of mortality, ex- 
pressed in probits, on concentration in 
milligrams per deciliter, expressed as 
logarithms, are given below. Those for the 
mixtures are based on the expression of 
concentration in terms of insecticide con- 
tent only. 


Series 3: 
Pyrethrins+sesamin (1:1) 
Pyrethrins+sesamolin (1:1) 
Pyrethrins+sesamolin (5:1) 
Pyrethrins 


2.904X — 0.048 
2.904X+1.662 
.904X+0.285 
2.904X —2.671 


me 
ll 
© WW Ww 


Series 4: 
Allethrin+sesamin (1:1) 
Allethrin+sesamolin (1:1) 
Allethrin+sesamolin (5:1) 
Allethrin 


3.9387X—1.547 
.938T7X—1.648 
.9387X—1.798 
.987X —2.252 


From these equations median lethal 
concentrations (LC-50’s) were estimated 
and relative toxicity calculated as the in- 
verse ratio of LC-50’s, as given in table 2. 

In the generalizing procedure for each 
series an analysis of chi squares was made 
to allow for heterogeneity between popu- 
lations of flies. The heterogeneity factor, 
used in the calculation of all variances, 
was 16.63 in series 3 and 16.75 in series 4. 
Standard errors of the LC-50’s and the 
ratios of toxicity are also given in table 2. 
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Table 2.—Evaluation of relative effects in the toxic action of sesamin and sesamolin in mixtures 


with pyrethrins and allethrin. 








RELATIVE 


STANDARD 
ERROR OF 

or LD-50 
(Per CENT) 


LC-50 (Ma. PER Dt.) 





Insecticide 


MATERIAL 


Adjunct 


Minmum Loa 

REQUIRED TO 

DEMONSTRATE 
SYNERGISM 


Ratio or 
Toxicity To 
INSECTICIDE 

ALONE 


LoG or 
Ratio 


Series 3 


Pyrethrins 188) +50 
Pyrethrins plus— 

Sesamin 

Sesamolin 


11.3 1.0 0 


15.9 : ; : 0.166 


6 31. . 1. 0.215 
0 % , : 0.181 


Series 4 


\llethrin 


\llethrin plus— 
Sesamin 46. ‘ 46. 
Sesamolin 48. ‘ 48. 
53. : 10. 


10.8 od 21 
10.1 ? 19 
10.2 , ae 


8.6 


0.117 
0.113 
0.114 


.179 
.153 
115 





DiscUSSION OF THE EFFECTS OF SESA- 
MOLIN AND SESAMIN.—Sesamolin and 
sesamin alone are nontoxic at the concen- 
trations used; therefore, the insecticide 
equivalent of a mixture expected for simi- 
lar action is its insecticide content. The 
actual equivalent found may then be 
compared with this value, as is done at the 
50 per cent mortality level by the ratios of 
toxicity in table 2. Since tests of signifi- 
cant differences are properly made on the 
log concentration scale rather than the 
concentration scale, the logarithms of 
these ratios are also given in table 2, to- 
gether with the minimum requirements 
to demonstrate synergism. Synergism is 
easily demonstrated for all the pyrethrum 
mixtures and clearly for two, but just 
barely for one, of the allethrin mixtures. 
This is a consequence of the much greater 
intensity of synergistic action with the 
former insecticide. 

As a check on the estimates of toxicity 
ratios in table 2 they were also deter- 
mined by a much shorter but less precise 
method. ‘The insecticide equivalents of 
the mixtures were obtained by referring 
mortalities obtained at each concentration 
to the graphically fitted regression line for 
the proper insecticide and then compared 
with the insecticide content. The mean 
ratios obtained with this procedure in the 
order in which the mixtures are given in 
table 2 are 9.2, 38.0, 13.3, 1.64, 1.47, and 
1.42. At the concentration causing mor- 
tality near the 50 per cent level, the agree- 


ment is even closer, the ratios being 8.2, 
33.0, 10.3, 1.57, 1.57, and 1.30. 

Sesamolin in thus shown to be a much 
more effective synergist in a mixture with 
pyrethrins than is sesamin. The mixture 
containing sesamin and pyrethrins in 
equal proportions is about eight times as 
toxic as pyrethrins alone. However, a 
mixture containing sesamolin in the same 
proportion is about 31 times as toxic as 
pyrethrins. Therefore the intensity of the 
synergistic action of sesamolin is about 
four times that of sesamin. Even when the 
amount of sesamolin is reduced to one- 
fifth that of pyrethrins, the effect is about 
equal to that of sesamin in the equipro- 
portional mixture. 

In the allethrin mixtures, however, the 
action of both synergists is of low intensity 
at these concentrations. The effects are 
about equal for all three mixtures; the 
relative toxicity is less than twice that of 
allethrin alone. 

The results with pyrethrum mixtures 
cannot be compared directly with those 
with allethrin because the populations of 
flies were much more resistant in the 
former. One might say that they were 
about twice as resistant as usual to the 
pyrethrum sprays, whereas they showed 
about normal resistance to allethrin. How- 
ever, approximate ratios may be esti- 
mated by multiplying the ratios to al- 
lethrin by 3, the approximate relative 
toxicity of allethrin to pyrethrins by this 
method. These estimates—4.5 for the mix- 
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ture containing sesamin, and 4.3 and 3.9 
for those containing seasmolin—show that 
all the allethrin mixtures were less toxic 
than the pyrethrum mixtures. 

SumMAryY.—The comparative effect of 
four constituents of sesame oil in kerosene 
sprays containing either pyrethrins or al- 
lethrin was determined in tests against 
the house fly, Musca domestica L., by the 
turntable method. 

Sesamol and a sterol caused no syner- 
gistic effect with pyrethrins. 

Sesamolin is a much more effective 
synergist with pyrethrins than is sesamin. 
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A mixture containing equal quantities of 
sesamin and pyrethrins was about eight 
times as toxic and a corresponding mix- 
ture with sesamolin was about 31 times as 
toxic as pyrethrins alone. Moreover, a 
mixture containing only one-fifth as much 
sesamolin as pyrethrins was as effective 
as the sesamin equiproportional mixture. 

Both sesamin and sesamolin synergize 
allethrin at the concentrations used, but 
only slightly. 

All the sprays containing pyrethrins or 
allethrin caused complete, or nearly com- 
plete, knockdown of flies. 
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The early research in Wisconsin on the 
meadow spittlebug, Philaenus leucoph- 
thalmus (L.), was made on its relation to 
alfalfa seed production. Scholl & Medler 
(1947) observed that the spittlebug should 
be controlled in the nymphal as well as 
the adult stage in fields that are to be used 
for seed production. Early attention was 
therefore given to the control of spittlebug 
nymphs. Chlorinated hydrocarbon insec- 
ticides were found to be effective, but 
phosphates gave little or no control in 
tests reported by Chamberlin e¢ al. (1948) 
and Chamberlin & Medler (1949, 1951). 
The use of methoxychlor for spittlebug 
control increased hay production in dem- 
onstrations reported by Medler et al. 
(1953). 

In the course of the spittlebug research 
certain procedures were adopted that ex- 
pedited insecticide testing. Medler & 
Chamberlin (1949) reported on the utili- 
zation of low volume sprayers, and the 
effectiveness of low volume spraying for 
the application of insecticides to forage. A 
count of the stems bearing spittlemasses 
proved to be a rapid, standard method of 


of sesamin with pyrethrum insecticides. Jour. Org. Chem. 7(2): 183-4. 


Three-year Test for Meadow Spittlebug Control in Alfalfa 


J.T. Mepier! 








estimating populations. Chamberlin & 
Medler (1951) showed that the stem- 
count method gave a conservative esti- 
mate. Such counts are a highly reliable 
estimate of actual reduction in insect 
populations in insecticide-treated plots. 
Finally the uniform distribution and rela- 
tively fixed habits of nymphs in spittle- 
masses has allowed the economy of rela- 
tively small plots in alfalfa fields. 

In 1950 a number of new organic poly- 
chlor and phosphate insecticides became 
available, and information regarding 
their effectiveness for spittlebug control 
was desirable. There was a need not only 
to evaluate insecticides for seed produc- 
tion, but also to determine which insecti- 
cides would present little or no residue 
problem in forage production. The simul- 
taneous testing of many new and standard 
insecticides made it impractical to con- 
duct extensive replication. It was known 
also that seasonal variation might in- 
fluence results. Therefore, an experiment 


1 Associate Professor in Agronomy and Entomology, Uni- 
versity of Wisconsin. The writer expresses appreciation to T. R. 
Chamberlin, who was an associate in the 1950 trials; and to 
M. Barrow for his assistance in the 1951 trials. 
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was designed to test simultaneously each 
vear a large number of insecticides over a 
period of 3 years. Each year then would be 
considered as a replicate in a statistical 
analysis of data. 

Meruops.—The tests were made en- 
tirely with low volume applications of 
emulsion sprays. Laboratory-prepared 
emulsion concentrates were used as much 
as possible, the emulsifiable solutions be- 
ing formulated uniformly with respect to 
xylene solvent and Triton emulsifier.’ This 
practice reduced complications which could 
be caused by the various unknowns in 
commercial formulations. However, com- 
mercial formulations had to be used in 
some cases and these are indicated in the 
tables by footnote. A 5 h.p. garden tractor 
equipped with a compressor, pressure 
tank and 14-foot boom was used to apply 
the sprays at 40 lbs. pressure and at 10 
gallons per acre. Treatments were applied 
in 30’X 145.2’ (1/10 acre) plots in a uni- 
form stand of alfalfa in a single large field 
at the Sheboygan County Farm. Differ- 
ent, but closely adjacent fields were used 
each year. 

In order to correct for variations in the 
infestation of spittlebugs which might oc- 
cur among the relatively large number of 
plots, check plots were placed at random 
among the treated plots. The counts of 
spittlemasses in the checks lying on either 
side of a treatment plot were averaged. 
The average figure was used in calculating 
the per cent reduction of spittlemasses 
due to the treatment. 

Counts were made by sampling 100 
stems taken at random throughout a plot 
and recording the number of stems in- 
fested with spittlemasses. 

BioLtogy.—In 1950 the hatching of 
overwintering eggs and first signs of in- 
festations was delayed about 3 weeks later 
than normal. April weather averaged 
cloudy, wet, windy and unusually cool. It 
was the coldest April since statewide 
weather averages began in 1851. May was 
cooler and drier than normal and quite 
windy. The first nymphs were found in 
Sheboygan County on May 17. Nymphs 
were found very commonly under the 
lower stipules on alfalfa stems in a new 
stand of alfalfa, but very sparingly in an 
old stand. The different infestations in 
different ages of stand of alfalfa have been 
observed previously, and should be in- 
vestigated in relation to the biology of the 
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adult insect in the previous fall when egg 
laying occurs. On May 25, the field used 
for the insecticide tests showed 66 per cent 
of the stems infested with an average of 
one nymph per stem (range 1-6). The in- 
festation was 75 per cent when the plots 
were sprayed on June 6. On June 15, an 
interesting observation was made while 
taking counts in the insecticide plots. 
About 3 o’clock in the afternoon a very 
warm, drying wind became quite brisk 
and was associated with a seeming reduc- 
tion in infestation as determined by ob- 
servation of spittlemasses. It was appar- 
ent that the warm wind was causing the 
spittlemasses to evaporate quite rapidly 
Thus spittlebugs in small masses were 
completely exposed within an hour or two 
and the larger masses were considerably 
reduced in size. Migration of exposed 
nymphs downward from the tops of 
plants was observed. It is possible that 
exposure to drying winds for an hour or 
two may be inimical to spittlebugs; and 
should residual insecticides be present on 
plants, the movement of the insects would 
increase their chances of exposure to the 
insecticide. 

In 1951 the month of April averaged 
cool, cloudy, and wet. Precipitation was 
above normal, and conditions during May 
were highly favorable for the growth of 
alfalfa. Fields examined on May 4 showed 
that spittlebugs had not hatched. The 
young spittlebugs had just appeared on 
May 18 when the insecticides were ap- 
plied. 

In 1952 the weather during the first half 
of April was cool, cloudy and damp, but 
the second half of the month was abnor- 
mally warm, sunny and dry. This weather 
continued during the first week of May 
when spittlebug nymphs were first ob- 
served. 

On April 30 surveys were made in about 
10 alfalfa fields in Sheboygan County, 
attention being directed especially to 
fields seeded with grain in 1951. The egg 
masses of the spittlebug inserted between 
the leaf sheaths and stems of the oats 
stubble were found without difficulty. It 
was noticed that some eggs were black- 
ened and that other eggs were parasitized. 


2 All of the xylene formulations contained emulsifier (2 parts 
Triton X155, 3 parts. Triton B-1956) in the following ratios: 
i lb. toxicant per quart—50 ce. of emulsifier (aldrin, dieldrin, 
heptachlor, lindane): $ Ib. toxicant per quart—50 cc. of emulsi- 
fier (DDT, Q-137, CS-728, CS-708): 1 Ib. toxicant per quart- 
100 ce. of emulsifier (toxaphene). 
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Table 1.—Summary of spittlebug control obtained in 1950, 1951, and 1952, Sheboygan County 
Farm, Wisconsin 
Pounps Per Cent Repuction rrom UNTREATED CHECK 
TOXICANT $$ 
INSECTICIDE PER ACRE 1950! 1952? 19528 Average 
Aldrin 0.125 35.3 9.4 46.8 30.5 
.25 82.4 42.2 $4.2 52.9 
Dieldrin 125 86.3 96.9 94.9 92.7 
.25 100 98 .4 100 99.5 
Heptachlor . 125 72.5 54.5 70.6 65.9 
.25 92.2 72.4 78.0 80.9 
DDT .25 71.2 n.t. n.t. 
5 71.8 90.6 60.0 74.1 
1.0 66.7 89.1 71.8 75.9 
Methoxychlor* 6 n.t n.t. 80.0 
15 n.t. n.t 82.2 
1.0 75.7 97.2 95.6 89.5 
2.0 94.9 100 100 98.3 
Q-137 5 $7.2 68.8 63.8 56.6 
1.0 78.2 76.6 69.5 74.8 
BHC! 125 92.3 n.t. n.t. 
.25 96.2 n.t. n.t. 
Lindane .125 86.5 69.7 90.8 82.3 
. 25 100 98 .6 100 99.5 
Toxaphene .25 75.8 85.7 61:0 74.2 
5 71.4 98.6 97.8 89.3 
.75 n.t. n.t. 95.6 
1.0 100 100 97.8 99.3 
CS-645A4 .25 1.9 ni. n.t. 
5 30.8 n.t. n.t. 
CS-674A4 .25 29.5 n.t. nt. 
5 33.4 n.t. n.t. 
Parathion* 166 0 13.9 0 
.33 0 15.2 11.8 
Schradan* a 0 n.t. n.t. 
CPR*4 wl 11.4 n.t. n.t 
3 25.7 n.t. n.t 
Rotenone .05 25.7 n.t n.t 
By 34.4 n.t n.t 
Rotox (rotenone)* S| 1.9 n.t. n.t 
8 0 n.t. n.t ( 
NNOR (Rotenone)‘ 05 0 n.t n.t 
l 0 nt. n.t. ( 
Pyrethrins | 6.1 n.t. n.t. 
DDT-rotenone .25 and .05 57.6 n.t. n.t. t 
DDT-nicotine sulfate .25 and .05 60.6 n.t. n.t. 
Toxaphene-rotenone .25 and .05 77.8 n.t. n.t. 
Toxaphene-nicotine sulfate .25 and .05 74.2 n.t. n.t. C 
DDT-sabadilla .25 and .05 45.5 nt. n.t. 
Rotenone-octacide .05 30.3 n.t. n.t. 
Toxaphene-pyrethrins .25 and .05 712 n.t. n.t. ir 
Compound 22008 0.5 n.t. 31.1 Bi, = 
1 n.t. $5.1 n.t. 
CS-708! .25 n.t 64.2 43 .2 
6 n.t. 66.9 43.2 
CS-708 6 n.t. n.t. 72.7 ] 
CS-7281 6 .25 n.t 11.4 n.t. 7 
5 n.t. 18.6 11.4 D 
Systox* 25 n.t n.t. 0 Li 
5 n.t nt. 0 Tc 
M 
1 Sprayed June 6-7: Counted June 15-16. He 
2 Sprayed May 18, Counted June 12, DI 
3 Sprayed May 16, Counted June 11-12. | 
4 Commercial formulation used. Q- 
5 Piperonyl cyclonene, pyrethrins and rotenone (U.S. Industrial Chemicals, Inc.). Ak 


6 2-nitro-1-pheny]-1-p-chloropheny! butane (Commercial Solvents), 

















October 1954 





The egg parasites were reared in the 
laboratory, and specimens were identified 
as a new species of Centrodora, family 
Kulophidae.* It was reported that the 
same species had been found in Ohio and 
Maryland. 

It is not known how important a factor 
the egg parasite may be in reducing popu- 
lations. Some eggs were undoubtedly 
killed by factors other than parasitism. It 
is believed that a combination of environ- 
mental factors reduced the spittlebug 
populations in 1952 to the lowest general 
level in eastern Wisconsin, since studies 
were started by the writer in 1946. In 
terms of stems with spittlemasses, it has 
been common to find fields 80 to 99 per 
cent infested. In the 1952 the average was 
more nearly 50 per cent. This observation 
is incidental since a few fields still main- 
tained relatively high spittlebug popula- 
tions, and since no systematic general 
survey of the spittlebug population was 
made. 

Resutts or Conrrot ‘Trests.—The 
data obtained during the 3-year testing 
program are presented in table 1. It 
should be mentioned that in 1950 one of 
the objectives was to find insecticides that 
might be used for spittlebug control in 
alfalfa forage without a residue hazard. 
Therefore a number of “non-residue”’ in- 
secticides were tested that vear, but most 
were not tested (n.t.) subsequently be- 
cause they gave such poor control. A few 
other insecticides were added or dropped, 
but a substantial number were tested over 
the 3-year period. 

The data given in table 1 show that the 
chlorinated hydrocarbons as a group were 


Table 2.—Chlorinated hydrocarbons arranged 
in descending order of spittlebug control.! 








Pounps oF TECHNICAL INSECTI- 
CIDE PER ACRE 





INSECTICIDE 3 } 4 1 
Dieldrin good 
Lindane fair good 
Toxaphene fair good 
Methoxychlor good 
Heptachlor poor fair 
DDT fair fair 
Q-137 poor fair 
Aldrin poor 





! Based on 3-year average of porentnge reduction from un- 
treated check: Good (89-100%); Fair (74-88%); Poor (less 
than 74%). 
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Table 3.—Spittlebug infestations in plots 
sprayed with chlorinated hydrocarbon insecti- 
cides. 1950-52. 








INSECTICIDE AND SPITTLEMASS PER 100 STEMS 











Pounps — 

PER ACRE 1950 =1951 1952 Mean 
Dieldrin } 0 1 0 0.3 
Lindane } 0 1 0 0.3 
Toxaphene 1 0 0 1 0.3 
Methoxychlor 2 t 0 0 1.3 
Toxaphene } Q 1 1 1.8 
Dieldrin } 1 Q2 2 1.6 
Methoxychlor 1 19 Q 2 7.6 
Heptachlor } 2 20 12 11.8 
Lindane } 7 22 5 11.3 
Toxaphene } 16 10 16 14.0 
DDT 3 22 6 17 15.0 
DDT 1 26 7 12 15.0 
Heptachlor 4 0 33 16 16.3 
Q-137 1 17 15 16 16.3 
Aldrin } 1 37 26 21.3 
Aldrin } 5 58 21 28.0 
Q-137 } 49 20 19 293 





effective for spittlebug control. Phos- 
phates (including systemics), nitroparaf- 
fins, and insecticides of plant origin were 
not effective. The different dosages of the 
various chlorinated hydrocarbons which 
were needed for good control suggested 
definite relationships between insecticides 
and insecticidal effectiveness. 

In order to show the relationships be- 
tween insecticides more clearly, the 3-year 
averages given in table 1 were divided into 
good, fair, and poor classes of control. 
These classes were then used in the prep- 
aration of table 2. A descending order of 
activity can be postulated since the table 
shows that dieldrin, lindane, toxaphene 
and methoxychlor, in the order given, are 
the most effective insecticides. Of these, 
methoxychlor appears to have the least 
residue hazard in forage. This insecticide 
is therefore recommended in Wisconsin for 
the control of spittlebug nymphs in first 
crop alfalfa grown for hay. 

The data relating to the chlorinated 
hydrocarbons were studied by an analysis 
of variance. In this analysis each year’s 
data was considered as a replicate of the 
experiment. Table 3 gives the infestations, 
which represent the actual counts of spit- 
tlemasses in 100 stems examined. The 
percentages were transformed to angles, 
following the table of Bliss in Snedecor 
(1946). The differences among the treat- 

3 Identified by Dr. B. D. Burks, Division of Insect Identifica- 


tion and Detection, Bureau of Entomology and Plant Quaran- 
tine, Washington, D. C. 
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Table 4.—Analysis of variance (angular trans- 
formation) of data presented in table 3. 








DEGREES 
or FREE- 
DOM 


MEAN 
SQUARE F 
16 305.4 
2 63 
$2 91.5 


SOURCE 
3.34** 
.69 


Treatments 
Replicates 
Error 





ments were shown to be highly significant 
(Table 4). The validity of using year to 
year replicates is confirmed by the very 
low F value for replicates. 

It was mentioned earlier that the 
method of estimating spittlebug popula- 
tions by counting infested stems gives a 
conservative estimate of control. In 1950 
and 1952 supplementary counts were 
made by sweeps with a 15-inch insect net. 
In both years the sweepings were made 
exactly 1 week later than the stem counts. 
The counts represent only nymphs in 
1950, but both nymphs and adults in 
1952. Data are given in table 5. A correla- 
tion analysis showed that the correlation 
coefficient (r) was highly significant for 
the two methods of counting and the per- 
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cent reductions from untreated checks 
obtained with each method. 

Summary.—Low volume — emulsion 
sprays of chlorinated hydrocarbon, phos- 
phate, nitro paraffin, and plant origin in- 
secticides were tested for spittiebug con- 
tro. during a 3-year period. A statistical 
analysis of the data relating to the chlori- 
nated hydrocarbons was made by using 
each year as a replicate to the experiment. 
Differences between treatments were 
found to be highly significant. 

The chlorinated hydrocarbons as a 
group were found to be the most effective 
insecticides, and dieldrin, lindane, toxa- 
phene and methoxychlor were best in the 
order listed. 

Biological observations showed that an 
average date for hatching of numphs is 
about the first of May in Wisconsin, but 
hatching may be delayed by periods of 
prolonged cool weather. Eggs were found 
parasitized by Centrodora n. sp. 

A count of the spittlemasses on stems 
was used to obtain data. Counts by sweep- 
ing also were made. An analysis of data 
obtained by the two methods gave a 
highly significant correlation coefficient. 








Table 5.—Correlation between two sampling methods for obtaining insect control data. 


SamMpLING Metuop 


1950 
Masses 
per 100 
Stems 
21 
26 


Insects 
per 10 
Sweeps 


Masses 
per 100 
Stems 


INSECTICIDE 
AND PouNnps 
PER ACRE 


Aldrin } d 31 
r 18 
12 
0 


Dieldrin 


DDT 3 2 11 
1 26 10 


Heptachlor } 


1 


4 
Lindane 


1 
s 
1 
4 


Methoxychlor 1 
9 


Q-137 } 
l 


Toxaphene } 


r(P1%=. 


Sweeps 


Per CENT REDUCTION FROM CHECK 


Insects 1950 
per 50 fama mags 2 
Masses Sweeps Masses Sweeps 


108 35.3 85.2 2 
123 2.4 4 : 1 


7 b.e we “a 95.8 


6 96. 
$3. 
4 
82 


13 
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Temperature Studies in Bumblee Domiciles 
R. E. Fye and J. T. Mepiser! 


The modification of air temperature by 
the domicile may have a practical sig- 
nificance in the propagation of bumble- 
bees with field domiciles. A study of the 
temperature relations of domiciled bum- 
blebee colonies was made to establish the 
bumblebee brood temperature and to de- 
termine which types of domiciles were 
best suited to aid the bees in the main- 
tenance of brood temperatures. 

The most thoroughly studied insect in 
regard to brood rearing temperatures and 
temperature relations with its environ- 
ment is the honeybee. Milum (1929) dis- 
cussed the temperatures necessary for the 
initiation of brood rearing and its main- 
tenance, and reviewed the literature on 
the subject to 1929. Using hives equipped 
with thermocouples, Milum found that 
temperatures from 91° F. to 92° F. were 
necessary to stimulate brood rearing, but 
that maintenance of these temperatures 
was not necessary for its continuance. 
Temperatures as low as 76.3° F. were 
found in the brood nest with no deleteri- 
ous effect other than a lengthening of the 
developmental period. ‘Temperatures of 
85° F. were not uncommon during the 
spring brood period, but when brood rear- 
ing was well established in late spring and 
summer the brood area was generally 
maintained at temperatures of 90—-95° F. 
The highest recorded temperature in the 
colony was 98° F. Temperatures above 
95° F. tended to cause the bees to hang 
outside the hive. 

Sailer (1950) presented a study of the 
nest temperature of the common yellow 


jacket, Vespula arenaria. He placed a 
mercury bulb thermometer in the brood 
chamber and took readings at various 
intervals, while maintaining a control 
thermometer outside the nest. Nest func- 
tions continued until the unshaded nest 
reached 111° F. and Sailer believed that 
temperature killed the queen and led to 
the disruption of normal functions. How- 
ever, he found the wasps were able to 
modify the temperature of the brood 
chamber, but the variation within the 
chamber followed the variation of the out- 
side temperature. As the colony grew, the 
daily variation became less, and whereas 
at the start of the experiment the average 
daily temperature was 83° F., it rose to 
91° F. later with less fluctuation about the 
mean. Day nest temperatures were main- 
tained higher than the outside tempera- 
tures but night temperatures followed the 
outside temperatures with but small dif- 
ferences, which were probably caused by 
the insulating effect of the nest. Sailer 
found wasps at the entrance of the nest 
fanning with their wings when tempera- 
tures reached 88° F. but noted that the 
wasps effected little control when the 
temperature reached 92° F. 

Meruops AND MarTerIAts.-Figure 1 
shows the types of bumblebee domiciles 
which were used as follows: 

5 


No. 1. Eight-inch diameter flower pot with §- 


1 Research Assistant, Department of Entomology, and Asso- 
ciate Professor, Departments of Agronomy and Entomology, 
University of Wisconsin, respectively. This work was supported 
in part by the Research Committee of the Graduate School of 
the University of Wisconsin from funds supplied by the Wis- 
consin Alumni Research Foundation. 
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Fic. 1.—Domiciles used in temperature studies. Upper row, left to right; Nos. 2, 3, 8. Lower row, 
left to right; Nos. 5, 7, 4. On ground, left, No. 9; right, No. 1. 


inch hole bored in side, filled with 4 inches 
of sand and buried in the soil to } inch be- 
low the entrance hole. 

No. 2. Eight-inch diameter metal can? with 
screen bottom in a 1-foot square open- 
bottom wooden box. 

No. 3. Eight-inch flower pot with ? inch side 
entrance hole; filled with 4 inches of sand 
and placed on a shelf. 

Nos. 4 and 6. Wooden box constructed of 1-inch 
unfinished lumber. 

Nos. 5 and 8. Same as 2 but shallower. 

No. 7. Eight-inch diameter metal can? with screen 
bottom in a 13-inch diameter metal jacket 
and with metal cover. 

No. 9. Eight-inch diameter drainage tile bored 
in the side with a ?-inch hole. 


Each domicile was wired with copper 
and constantan thermocouples. The ther- 
mocouples were placed in various posi- 
tions; including under the comb, in the 
brood comb, on the surface of the brood 
comb, in the domicile but outside the nest, 
and outside the domicile. 

Colonies of Bombus borealis Kirby were 
moved into the first eight domiciles on 
July 22. Two temperature runs were 
made, one on July 28 and 29 and the other 
on August 2 and 3, using 3-hour time in- 
tervals between readings. One additional 
run was made on August 5 and 6, using a 
l-hour time interval between readings. 


Examinations were made at the end of 
each run to check on the position of the 
thermocouples during that particular run. 
At the end of the first three runs, the B. 
borealis colonies, which were waning in 
strength, were removed and colonies of B. 
rufocinctus Cress, were placed in domi- 
ciles 1, 2, 4, 7 and 8 and colonies of B. 
fervidus Fabr., were introduced into 
domiciles 3, 5, and 6. At 8:00 p.m. in the 
next run, it was noted that the B. rufocinc 
tus colony in domicile 1 had been com- 
pletely demoralized by the transfer and 
only a few worker bees were left, so a 
strong colony of B. borealis was reintro- 
duced into the domicile. 

With the thermocouples installed in 
these colonies, additional runs were made 
on August 8-9, August 12-13, August 
14-15, August 15-16, August 17-18, 
August 29-30, August 31—September 1, 
and September 4-5. One-hour intervals 
were utilized in the August 8-9 run and 
readings were taken through the day and 
night for 29 hours. This run showed a 
fairly steady decline between 9:00 P.M. 
and 5:00 a.m., so that in the succeeding 


2 The metal cans had inner covers of transparent lucite and 
outer covers of galvanized sheet metal. 
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GrapH 1.—Temperature Domicile Number 1. Par- 
tially buried flower pot with B. borealis colony: 
8-10 worker bees. August 14-15. 1953. 


runs, the hourly readings between these 
hours were omitted. Thus the initial read- 
ing in any series in the last seven runs was 
taken at 9:00 p.m. of the preceding day 
with hourly readings resumed at 5:00 A.M. 
the following morning. 

Domicile 9 was included in the final 
three runs. The 1-foot length of tile was 
buried in the soil about 3 to 4 inches and 
the tile was filled with sand to a level 
about 3 inches above the ground. A fair 
sized colony of Bombus borealis was intro- 
duced and after a 1-day allowance for its 
reorganization, the colony was included in 
the temperature trials. 

Discussion or Resutts.—Graphs one 
to eight are representative of the data 
obtained. The brood temperature of the 
bumblebees fluctuated much more widely 
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Grapu 2.—Temperature Domicile Number 5, Metal 
domicile within a wooden box with B. fervidus colony 
without nesting material: 23-30 worker bees. Sept. 
4-5, 1953. 
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Graprx 3.—Temperature Domicile Number 2. 
Metal domicile within a wooden box with B. rufo- 
cinctus colony: 14-16 worker bees. September 4-5, 


1953. 


than that of the honeybee, the range being 
generally from 80° to 92° F., hovering in 
the mid-80’s for the most part. These 
wider fluctuations may be attributed to 
several factors. First, an inadequate num- 
ber of bees may be present to maintain 
the temperature. This would be particu- 
larly true early in the colony history when 
only the queen and a few workers are 
present. However, the control seems to 
improve as the colony strengthens, as 
shown also by Sailer (1950) for the yellow 
jacket. Second, after a long period of ad- 
verse weather, the nectar reserves in the 
nest may dwindle to a point where there is 
inadequate “fuel” for the warming of the 
nest. Third, any disruption of the nest 
organization, particularly the insertion of 
the thermocouples, may have some effect 
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Grapu 4.—Temperature Domicile Number 3. Un- 
buried flower pot with a B. fervidus colony: 8-10 
worker bees. September 4-5, 1953. 
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GrapH 5.—Temperature Domicile Number 5. 
Wooden box with B. fervidus colony: 14-16 worker 
bees. August 14-15, 1953. 


7AM AM IAM DPM 


which must be overcome in a study of this 
sort by allowing a reorganization period 
before a series of readings is started. 

Domicile 1 represented by graph 1 was 
a partially buried flower pot model and in 
this case contained a Bombus borealis 
colony with 8 to 10 workers. Noteworthy 
is the fact that a few bees were able to 
maintain a reasonably constant brood 
temperature as much as 30 degrees above 
the air temperature outside the pot. The 
comb itself was somewhat warmer than its 
surface, probably because of the heat 
given off by the pupae. The temperature 
of the comb-soil interface was cooler than 
the comb but showed the influence of the 
warm comb. The lack of rapid heating and 
cooling in the pot was probably due to a 
desirable insulating effect inherent in the 
flower pot domicile, other trials show a 
similar lack of rapid, wide fluctuations. 
However, it should be noted that a flower 
pot domicile utilized in the field trials 
showed a tendency to become overheated, 
as it was in the direct sun with virtually 
no protection. The field domicile still did 
a creditable job of temperature control, 
as a colony founded in it produced a few 
queens. 

Graph 4 represents the readings from 
the flower pot domicile which was not 
buried. Again the colony was a weak one 
containing only 8 to 10 worker bees of the 
species Bombus fervidus. The bees were 
able to maintain the comb temperature 
above that outside of the domicile and 
within the domicile but outside of the 
nesting material. The latter temperatures, 
i.e., those inside the pot but not the nest, 
indicated that the pot may actually have 
little effect in maintaining the tempera- 
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Grapu 6.—Temperature Domicile Number 4. 
Wooden box with abandoned pupal comb: no worker 
bees. August 14-15, 1953. 


ture, for these temperatures were but little 
above the air temperatures during the 
day; however, the night temperatures 
were elevated and the rapid early morning 
warm up was modified. Comb tempera- 
tures ran a bit below the comb surface 
temperatures, which was a reversal of the 
usual trend; so possibly the thermocouple 
recording the comb temperature was so 
far through the comb that it was influ- 
enced by subcomb temperatures. 

The metal can within a wooden box 
domicile is represented by readings re- 
corded in graphs 2 and 3. The bees main- 
tained a high brood temperature on rela- 
tively cool days. This is particularly inter- 
esting, since the colony represented by 
graph 2 was completely devoid of nesting 
material. However, the colony was not 
able to maintain the surface temperature 
like the colony shown in graph 3 which 
had nesting material and wax dome over 
the comb. In the latter colony the comb 
and comb surface temperatures were 
maintained at virtually the same level. 
Further testimony to the effectiveness of 
wax and grass insulation is the low tem- 
perature 1 inch above it (graph 3) while 
we note the thermocouple 1 inch above 
the naked comb (graph 2) recorded the 
effect of heat lost as higher temperatures 
throughout the run. These domiciles had 
screen bottoms, but colonies were pro- 
tected from below by corrugated card- 
board placed across the screen. If the- 
screen bottoms were placed on the ground 
a greater insulation value might result. 

A metal can domicile with a metal 
jacket replacing the wooden box had read- 
ings represented by graph 7. This type of 
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GrapH 7.—Temperature Domicile Number 7. Metal 
domicile within a metal jacket with a B. rufocinctus 
colony: 8-10 worker bees. August 8-9, 1953. 


domicile leaves much to be desired since 
the least bit of sunshine sends the tem- 
perature soaring and a little shade sends 
it plunging downward. These wide fluc- 
tuations are difficult for the bees to over- 
come, in fact, the trials show little control 
except on cloudy, cool days. It was dif- 
ficult to maintain a colony of bees at suf- 
ficient strength, and apparently the heat 
extremes caused a disruption of the 
colonies’ activities similar to that experi- 
enced by Sailer’s (1950) colony of yellow 
jackets. 

The temperature relations of the colo- 
nies within the wooden box domicile are 
represented by graphs 5 and 6. Readings 
in graph 6 were taken in an abandoned 
comb with no bees present, and show that 
little temperature control is exercised by 
the box without the presence of the bees. 
Apparently there is a slight modification 
of temperature changes by the box during 
the warming periods and cooling periods 
of the day. This may actually be a desira- 
ble feature, since it aids the bees in the 
morning more rapidly to regain heat lost 
during the night and helps them hold the 
temperatures up in the evening. The rise 
in the comb surface temperature between 
9:00 p.m. and 5:00 a.m. shown in graph 5 
is unexplainable unless the presence of 
returned field bees improved the colony’s 
heating ability or a single bee brooded 
over the thermocouple throughout the 
night. This latter practice apparently 
caused numerous “‘spikes”’ in the tempera- 
tures recorded since only the comb sur- 
face temperatures demonstrated these 
otherwise unexplainable peaks. 

Graph 8 represents readings from the 
drainage tile domicile. This domicile was 
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Grapu 8.—Temperature Domicile Number 9. Par- 
tially buried drainage tile with B. borealis colony: 
10-13 worker bees. September 4-5, 1953. 


frequently in the sun and showed rapid 
temperature rises when the sun struck it. 
Apparently the bees maintained some 
control over the temperature but it was 
not as marked as that demonstrated by 
the other bees in other styles of domiciles. 
However, the colony was in the process of 
breaking up at the time of this study and 
much of the comb was already vacated. 
This domicile would probably be practical 
from the standpoint of temperature con- 
trol if it were placed in the deep grass or 
other partially shaded position. 

Of the domiciles tested, only the metal 
type appeared to be ineffective in aiding 
the bees in controlling the temperature. 
The more elaborate metal can in wooden 
box model showed so little supriority 
over the wooden boxes and flower pot 
domiciles in respect to temperature con- 
trol that it would probably not be prac- 
tical as a field domicile since the other 
models are much more cheaply and 
rapidly produced. 

SumMMARY.—-Temperature studies of 
domiciled bumblebees revealed fluctua- 
tions between 80° and 92° F. in the brood 
comb. The usual brood temperature was 
maintained in the mid-80’s. Fluctuations 
of the brood temperature were narrowed 
in range as the colony became stronger. 
However, only a few worker bees were 
able to control brood temperatures ef- 
fectively. Metal domiciles in wooden 
boxes, plain wooden box domiciles and 
pottery domiciles insulated the nest suf- 
ficiently to aid the bees. A metal domicile 
in a metal jacket overheated readily and 
the bees were unable to control the violent 
fluctuations within it. 
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Seed Treatments Compared with other Methods 
for Controlling the Onion Maggot! 






A. G. Pererson and D. M. Noerzet,? Department of Entomology and Economic Zoology, University 


Losses due to the onion maggot, Hyle- 
mya antiqua (Meig.), have been unusually 
severe in Minnesota during recent years. 
The black onion fly, Tritora flexa (Wied.), 
also has been a pest of some importance in 
onion producing areas near St. Paul. 
Many commercial vegetable growers and 
home gardeners have found they must 
either control the onion maggot or dis- 
continue production of onions. 

Experiments conducted from 1946 to 
1949 indicated that the onion maggot 
could be controlled by surface applications 
of chlordane, DDT, or parathion (Granov- 
sky 1949). A common recommendation 
based on the results of these experiments 
is to dust or spray with chlordane, 1 
pound actual chlordane per acre, at 7- to 
10-day intervals beginning when seedlings 
are in the loop stage. Two to four applica- 
tions are suggested depending on the prev- 
alance of adult flies. Control by this 
method appeared to give satisfactory re- 
sults from 1947 to 1950. However, during 
1951 and 1952 it became increasingly dif- 
ficult to obtain effective control of the 
onion maggot by the recommended pro- 
cedures. Presumably this may have been 
due to several factors. Abnormally wet 
weather during the spring and early sum- 
mer of both 1951 and 1952 made it dif- 
ficult to properly time applications of in- 
secticides. Frequent showers made it 
almost impossible to maintain a protective 
deposit of insecticide on the soil around 
the plants. The onion maggot appeared to 
be more abundant than usual during 
these years, especially in truck crop areas 
near St. Paul. More effective control 
measures were needed. 

Experiments with seed treatments were 
initiated in 1952 in an effort to find more 
effective means of controlling the onion 





of Minnesota, St. Paul 





maggot. McLeod (1946a, 1946b) and 
Handford (1952) found seed treatment 
with DDT to be an effective means of 
control. Pelleting chlordane or heptachlor 
on onion seeds with methyl cellulose as a 
sticker was reported to be an effective 
method for controlling the onion maggot 
in New York State (Newhall e¢ al. 1952). 
Finlayson (1952) reported seed treat- 
ments to be effective, and he investigated 
the effects of seed treatments on germina- 
tion. Promising results also have been re- 
ported with seed treatments for control of 
the seed corn maggot on beans, peas, corn, 
and squash (Howe & Schroeder 1951, 
Howe et al. 1952, and Taylor 1950). Vari- 
ous uses of seed treatments have been 
summarized by Fletcher (1952) and Lilly 
(1953). 

In the 1953 experiments, seed treat- 
ments were compared with broadcast soil 
applications of granulated insecticides and 
insecticide-fungicide concentrates used in 
the seeder without a sticker. Insecticide- 
fungicide combinations have been success- 
fully applied to the seed furrow by several 
workers (Rawlins & Newhall 1950, New- 
hall & Gunkel 1951, and Merrill 1953). 
Chapman (1953) found surface applica- 
tions of dieldrin and aldrin and broadcast 
soil applications of dieldrin and heptachlor 
to be very effective in controlling the onion 
maggot. 

Metnops—1952 EXPERIMENTS.—Tliree 
fields were selected in the Minneapolis- 





1 Paper number 3125. Scientific Journal Series, Minnesota 
PP si ak Experiment Station. 

2 The authors are grateful to Mr. R. C. Rose, Extension Plant 
Pathologist, University of Minnesota, for cooperating in these 
experiments and to Mr. P. S. Taylor, formerly Research Assist- 
ant, University of Minnesota, for assistance during the early 
part of the work. Acknowledgment is also made to the Velsicol 
Corporation, the Agricultural Chemicals Division of The Shell 
Chemical Corporation, McConnon and Company, and the Dow 
Chemical Company for cooperation in providing materials for 
these experiments. 
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St. Paul area for seed treatment experi- 
ments in 1952. Aldrin, heptachlor, di- 
eldrin, and chlordane were used in com- 
bination with the fungicide thiram. The 
thiram was used to control smut and 
damping-off organisms and to help pre- 
vent injury to the seeds by the insecti- 
cides (Howe & Schroeder 1951). 

Christoff field, 1952.—Seed treatments 
with aldrin and heptachlor were compared 
with DDT spray applications in a crop of 
Southport White Globe onions grown for 
bunching onions by Jordan Christof, 
Minneapolis, Minn. The preceding crop in 
1951 was onions, and onion maggot injury 
resulted in a poor stand. The seed was 
treated on April 4th and planted on April 
14th at rates of 6 to 7 pounds per acre. 
Each plot was 4 rows wide by 300 feet 
long. Five treatments were used in a ran- 
domized block experiment with three rep- 
lications. Treatments were as follows: 


(1) Seven ounces 50% thiram pelleted on 1 pound 
of seed with 3.5 ounces of 4% methyl] cellulose 
(Methocel 15 viscosity-centipoises). 

(2) Seven ounces 25% aldrin wettable powder and 
7 ounces 50% thiram pelleted on 1 pound of seed 
with 5 ounces 4% methy] cellulose. 

(3) Seven ounces 25% heptachlor wettable pow- 
der and 7 ounces 50% thiram pelleted on 1 pound of 
seed with 5 ounces 4% methy] cellulose. 

(4) Seven ounces 50% thiram pelleted on 1 pound 
of seed with 3.5 ounces 4% methy] cellulose. Three 
applications of DDT emulsion spray were applied at 
10-day intervals beginning May 6 when the onions 
were in the loop stage. The spray was concentrated 
on the rows and applied at a rate of 1 pound actual 
DDT per acre. 

(5) Untreated check. 


The seeds were pelleted by the following 
method: One pound of onion seeds was 
placed in a 2-pound coffee can, and the 4% 
methyl cellulose was mixed with the seeds 
by stirring. The insecticide and thiram 
were mixed in a separate container and 
poured into the can with the seed. The 
mixture was shaken in a mechanical paint 
shaker for about 7 minutes, screened 
through an 8-mesh-per-inch galvanized 
screen, and spread out to dry for a few 
hours or overnight. 

Johnson field, 1952.—Seed treatments 
were further tested in two plantings of 
onions grown by Albert Johnson, Fridley, 
Minn. In the first planting the Yellow 
Sweet Spanish variety was seeded at 3 
pounds per acre and grown to maturity. 
The seed was treated on April 16 and 
planted on April 17. Three treatments 
were used as follows: 
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(1) 3.5 ounces of 50% thiram pelleted on 1 pound 
of seed with 1.7 ounces 4% methy] cellulose (check). 

(2) 3.5 ounces of 25% aldrin wettable powder 
and 3.5 ounces 50% thiram pelleted on 1 pound of 
seed with 1.7 ounces 4% methy] cellulose. 

(3) 3.5 ounces of 25% aldrin wettable powder and 
3.5 ounces 50% thiram pelleted on 1 pound of seed 
with 1.5 ounces of water just before planting. 


Each of the three lots of seed receiving 
the above treatments was placed in a 
separate hopper on a three-row planter. 
and 7} rounds of the field were made to 
give 15 replications. 

In a second planting at the Johnson 
field the Southport White Globe variety 
was seeded at 8 pounds per acre. Part of 
these onions were pulled early for green 
bunching onions and the rest were grown 
to maturity. The seed was treated on 
April 23 and planted on April 25. Three 
treatments were used as follows: 

(1) 3.5 ounces of 50% thiram pelleted on 1 pound 
of seed with 1.7 ounces 4% methy] cellulose (check). 

(2) 1.75 ounces of 50% dieldrin wettable powder 
and 3.5 ounces of 50% thiram pelleted on 1 pound of 
seed with 2.7 ounces 4% methy] cellulose. 

(3) 2.2 ounces of 40% chlordane wettable powder 
and 3.5 ounces of 50% thiram pelleted on 1 pound of 
seed with 2.7 ounces 4% methy] cellulose. 


Each of the three treatments was used in 
a separate hopper of a three-row planter, 
and 74 rounds of the field were made to 
give 15 replications. 

Palumbo field, 1952.—Heptachlor and 
chlordane seed treatments were compared 
with an untreated check in a field of 
Brigham Yellow Globe onions grown by 
Martin Palumbo, Little Canada, Minn. 
The onions were seeded at 3 pounds per 
acre and grown to maturity. The seed was 
treated April 29 and planted April 30. 
Each plot was three rows wide by 300 feet 
long, and three replications were used. 
Treatments were as follows: 

(1) 3.5 ounces of 50% thiram pelleted on 1 pound 
of seed with 1.7 ounces 4% methyl cellulose (check). 

(2) 3.5 ounces of 25% heptachlor and 3.5 ounces 
of 50% thiram pelleted on 1 pound of seed with 3.5 
ounces 4% methy] cellulose. 

(3) 2.2 ounces of 40% chlordane and 3.5 ounces 
of 50% thiram pelleted on 1 pound of seed with 2.7 
ounces 4% methyl cellulose. 


Mertrnops—1953 EXPERIMENTS.—Five 
fields of onions were selected in 1953 to 
compare the effectiveness of pelleted seed, 
seed treatments without a sticker, broad- 
cast soil treatments, and post-emergence 
sprays applied to the rows. One of the five 
fields was a total loss due to damage by 
hail and wind. The pelleted seed was pre- 
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pared 1 to 2 weeks before planting. Mixing 
was accomplished by shaking and stirring 
the seed by hand instead of using a me- 
chanical paint shaker as in 1952. Small 
amounts of insecticide concentrates were 
used on the seed without a sticker in some 
plots. The agitator in the hopper of the 
planter kept the dry insecticide mixed 
with the seeds. It has been found that up 
to } pound of dry material may be used 
per pound of seed without interfering 
with the normal flow of seeds. Granulated 
formulations were used for broadcast soil 
treatments. They were applied with a 
lawn fertilizer spreader and worked into 
the top inch of soil with a garden rake. 
Calibration of the fertilizer spreader was 
difficult, and there was some deviation 
from the desired rates of application. 
Post-emergence sprays were applied to 
some plots with a 3-gallon compressed air 
sprayer. The nozzle was held close to the 
row to concentrate the spray on the 
row. 

Palumbo field, 1953—Heptachlor and 
dieldrin seed treatments were compared 
with heptachlor broadcast soil treatments 
in a field of Brigham Yellow Globe onions 
grown by Martin Palumbo, Little Can- 
ada, Minn. The onions were planted on 
April 21 at a rate of about 4 pounds of 
seed per acre and grown to maturity. 
Plots were each 4 rows wide by 65 feet 
long. A randomized block design was 
used with four replications. Treatments 
were as follows: 

(1) Four ounces 25% heptachlor wettable powder 
and 4 ounces 50% thiram pelleted on 1 pound of seed 
with 3.5 ounces 4% methy] cellulose. 

(2) Two ounces 50% dieldrin and 4 ounces 50% 
thiram pelleted on 1 pound of seed with 2.9 ounces 
4% methyl cellulose. 

(3) Two ounces 50% dieldrin and 2 ounces 50% 
thiram per pound of seed without sticker. 

(4) Two ounces 50% thiram per pound of seed 
without sticker. 23% granulated heptachlor broad- 
cast at 1} pounds actual per acre. 

(5) Two ounces 50% thiram per pound of seed 
without sticker. 2}% granulated heptachlor broad- 
cast at 43 pounds actual per acre. 

(6) Two ounces 50% thiram per pound of seed 
without sticker (check). 


Valento field, 1953.—Aldrin and hepta- 
chlor seed treatments, an aldrin concen- 
trate without sticker, and post-emergence 
sprays containing heptachlor and chlor- 
dane were compared in a field of Early 
Yellow Globe onions grown by Pat 
Valento, Little Canada, Minn. The onions 
were planted on April 23 at a rate of about 
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43} pounds of seed per acre and grown to 
maturity. Plots were each 4 rows wide by 
54 feet long. A randomized block design 
was used with four replications. Treat- 
ments were as follows: 


(1) 2.5 ounces of 40% aldrin and 4 ounces 50% 
thiram pelleted on 1 pound of seed with 2.9 ounces 
4% methy] cellulose. 

(2) Four ounces of 25% heptachlor and 4 ounces 
50% thiram pelleted on 1 pound of seed with 3.5 
ounces 4% methy] cellulose. 

(3) Two ounces 75% aldrin and 2 ounces of 50% 
thiram per pound of seed without sticker. 

(4) Two ounces 50% thiram per pound of seed 
without sticker. Three applications emulsifiable 
chlordane, 1 pound actual per acre at 10-day inter- 
vals beginning when onions were } inch tall. 

(5) Two ounces 50% thiram per pound of seed 
without sticker. Three applications emulsifiable 
heptachlor, } pound actual per acre, at 10-day inter- 
vals beginning when onions were 3 inch tall. 

(6) Two ounces of 50% thiram per pound of seed 
without sticker (check). 


Reynen field, 1953.—Some seed _ treat- 
ments and broadcast soil treatments with 
aldrin, heptachlor and dieldrin were com- 
pared on peat soil on the Henry Reynen 
farm, Hollandale, Minn. Early Yellow 
Globe onions were planted April 22 at a 
rate of 5 pounds of seed per acre and 
grown to maturity. Plots were each 6 
rows wide by 55 feet long. A randomized 
block design was used with three replica- 
tions. Treatments were as follows: 

(1) 2.5 ounces of 40% aldrin and 4 ounces 50% 
thiram pelleted on 1 pound of seed with 2.7 ounces 
4% methyl cellulose. 

(2) Two ounces 75% aldrin and 2 ounces 50% 
thiram per pound of seed without sticker. 

(3) Two ounces 50% dieldrin and 2 ounces 50% 
thiram per pound of seed without sticker. 

(4) Two ounces 50% thiram per pound of seed 
without sticker and 23% granulated heptachlor 
broadcast at 3 pounds actual per acre. 

(5) Two ounces 50% thiram per pound of seed 
without sticker and 2}% granulated heptachlor 
broadcast at 4 pounds actual per acre. 

(6) Two ounces 50% thiram per pound of seed 
without sticker and 5% granulated aldrin broadcast 
at 4 pounds actual per acre. 

(7) Two ounces 50% thiram per pound of seed 
without sticker (check). 


Wilkins field, 1953.—Heptachlor — and 
aldrin seed treatments were compared in 
a field of Early Yellow Globe onions 
grown by Mr. B. C. Wilkins, Brainerd, 
Minn. The onions were planted April 27 
at a rate of approximately 34 pounds of 
seed per acre and grown to maturity. 
Plots were each three rows wide by 65 
long. A 5X5 Latin square design was used 
with the following treatments: 
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(1) Four ounces 25% heptachlor and 4 ounces 
50% thiram pelleted on 1 pound of seed with 3.5 
ounces 4% methy] cellulose. 

(2) Two ounces 25% heptachlor and 4 ounces 
50% thiram pelleted on 1 pound of seed with 2.5 
yunces 4% methy] cellulose. 

(3) Four ounces 75% aldrin per pound of seed 
without fungicide and sticker. 

(4) Two ounces 75% aldrin and 2 ounces 50% 
thiram per pound of seed without sticker. 

(5) Two ounces 50% thiram per pound of seed 
without sticker (check). 


Resuuts.—Christoff field, 1952.—On 
May 6 all of the seedlings were just past 
the loop stage and about 2 inches tall. 
There was no apparent difference in stand 
or stage of growth in the different plots. 

Severe onion maggot injury was evident 
in the check and thiram-treated plots on 
May 26. Injury was less severe in the 
plots sprayed with DDT. No injury was 
evident in plots receiving the aldrin or 
heptachlor seed treatments. Observations 
made June 3rd on numbers of plants 
killed by maggots per 50 feet of row indi- 
cated outstanding control of onion maggot 
by the aldrin and heptachlor seed treat- 
ments (Table 1). The DDT spray ap- 
plications were much less effective. 

At the time harvest was begun on June 
24, 300 onions were pulled at random 
from each plot and examined for maggot 
injury. The amount of blank space per 100 
feet of row was recorded for each plot, and 
the per cent stand was calculated. Evalu- 
ations on the basis of numbers of onions 
injured by maggois, per cent stands, and 
yields all pointed to the effectiveness of 
heptachlor and aldrin as seed treatments 
(Table 1). 

Johnson field, 1952.—This field became 
very dry at the time onions of the first 
planting were emerging, and an unsatis- 
factory stand resulted. Counts of maggot- 
injured plants indicated that both aldrin 
treatments were effective in controlling 
the onion maggot. There was not sufli- 
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cient maggot injury to result in any sig- 
nificant difference in stand between the 
thiram and the aldrin-thiram-methocel 
treatments. The aldrin-thiram-water 
treatment resulted in a relatively poor 
stand because the aldrin and thiram did 
not stick well to the seed, and the loose 
dust in the hopper resulted in a slow and 
uneven flow of seeds during planting. 

In the second planting of onions at this 
location both dieldrin and chlordane seed 
treatments gave effective control of the 
maggot. The dieldrin-thiram plots had an 
84 per cent stand as compared with a 48 
per cent stand in the check plots. The 
chlordane-thiram plots had a very poor 
stand in spite of the effective maggot con- 
trol. We have not been able to explain 
the lack of stand in the chlordane plots. 
Similar treatment in another field gave a 
good stand, and greenhouse tests have in- 
dicated little if any effect on germination 
by this chlordane seed treatment. 

Palumbo field, 1952.—All plots including 
those receiving the chlordane seed treat- 
ment had a very good stand early in the 
season. During late May onion maggot in- 
jury became prevalent in the check plots. 
No injury was evident in plots receiving 
the heptachlor or chlordane seed treat- 
ments, and the stand was so thick in these 
plots that the grower had to thin out the 
plants. Observations made on July 15 and 
July 30 indicated that check plots had 
suffered more than a 50 per cent loss in 
stand as a result of maggot injury. Late- 
season maggot injury accompanied by 
rots was prevalent in the check plots, but 
no such injury occurred in plots where the 
heptachlor or chlordane seed treatment 
was used. 

Composite samples of mature onions 
were collected from each treatment and 
submitted to the Velsicol Corporation for 
analysis. Residue in the onions receiving 


Table 1.—Comparison of seed treatments with DDT spray applications for control of the onion 
maggot. Christoff field, 1952. 








Deap PLANTs 
PER 50 Fr, 


‘TREATMENT Row 6/3 


Per Cent AT HARVEST 





Injured Stand 





Thiram pellets 

Aldrin-thiram pellets 
Heptachlor-thiram pellets 
Thiram pellets and DDT spray 


heck 


51 
91! 
88! 
53 
46 





! Significantly higher than check. 
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Table 2.—Comparison of seed and soil treatments for control of the onion maggot. Palumbo field, 


1953. 








Maacort-InsgurEp PLants HEALTHY 














PER 65 Fr. Row PLANTS PER Per Cent 

65 Fr. Row  INsuREp at YIeELps 

TREATMENTS June 10 June 17 JUNE 30 Harvest Bu./Acri 
Heptachlor-thiram pellets 3.5 0 254 2.0 558 
Dieldrin-thiram pellets 8.8 0 249 1.5 541 
Dieldrin-thiram no sticker 0 0 344 2.5 683 
Heptachlor 1.5 lbs. broadcast 4.5 2.8 295 16.0 495 
Heptachlor 4.5 lbs. broadcast 3.0 2.5 341 9.0 559 
Check (thiram) 23.0 36.5 133 22.8 317 
—! -1 90 — 180 


L.S.D. at 5% level 





1 Not analyzed. | ; 
2 The numbers of injured onions 


r 300 onion sample in each plot were transformed to square roots and analyzed. All treatments 


except heptachlor broadcast at 1.5 lbs. had significantly less injury than the check, 


the chlordane seed treatment was found 
to be 0.008 parts per million corrected 
with the check. Onions receiving the hep- 
tachlor seed treatment showed a residue 
of 0.003 parts per million as compared to 
0.005 parts per million in the check. 

Palumbo field, 1953.—At the time the 
onions were coming up on May 13, there 
were no apparent differences in germina- 
tion in the various plots. Symptoms of 
onion maggot injury began to appear in 
early June, and the amount of injury in- 
creased until after mid-June. All of the 
treatments greatly reduced maggot in- 
jury (Table 2). There were no significant 
differences in stand on June 10, but on 
June 30 there were twice as many healthy 
plants in the treated plots as in the check. 
Considerable late-season maggot injury 
was evident in the check plots at harvest. 
Significantly less late-season injury oc- 
curred with seed treatments of heptachlor 
and dieldrin than with broadcast soil ap- 
plications of heptachlor. All treated plots 
yielded significantly higher than the un- 
treated check. 

Valento field, 1953.—The first post- 


emergence spray was applied on May 16 
within 4 days of emergence and when the 
onions were only } inch tall. A second ap- 
plication was made on May 27 when the 
onions were just past the loop stage. In 
spite of these two spray applications the 
sprayed plots had noticeably more mag- 
got injury on June 10 than plots in which 
seed treatment was used (Table 3). On 
June 17 the sprayed plots showed as much 
injury as the check. 

Plots receiving both aldrin seed treat- 
ments had initially poorer stands than 
other plots (Table 3), but very little mag- 
got injury occurred. Maggot injury caused 
reductions in stands in the sprayed plots 
and the check. After most of the injury 
had occurred, the plots receiving hepta- 
chlor seed treatment had the best stands 
and also the highest yields. The superior 
performance of heptachlor in this experi- 
ment as compared with aldrin may be 
partly due to a higher rate of seeding. Al- 
though the same adjustment was used on 
the planter for all treatments, the hepta- 
chlor pellets were seeded at 5.9 pounds of 
seed per acre as compared to 4.3 to 4.7 


Table 3.—Comparison of seed treatments with post-emergence sprays. Valento field, 1953. 




















INJURED PLANTS PER HEALTHY PLANTS PER Per Cent 
54 Fr. or Row 54 Fr. or Row INJURED AT 
—_—_—_——_— HarvVEsT YIELDs 
TREATMENT June 10 June 17 June 10 July 6 Aua,. 24 Bu./AckE 

Aldrin pellets 0.8 0.3 85 124 0.5 379 
Heptachlor pellets 3.3 0 154 223 0 521 
Aldrin, no sticker 3.3 0 87 122 1.0 422 
Chlordane spray 9.3 53.3 144 133 14.8 337 
Heptachlor spray 11.8 92.8 158 137 15.0 306 
Check 25.8 69.8 137 74 13.8 280 








LS.D. at 5% level 


46 105 
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Table 4.——Comparison of seed and soil treatments. Reynen field, 1953. 

















INJURED HeEA.ttHY PLANTS PER Per Cent 
PLANTS PER 55 Fr. Row INJURED AT 
55 Fr. Row HARVEST YIELDS 
TREATMENT June 19 June 19 July 9 Aug. 25 Bu./AcrE 
Aldrin pellets 0 125 141 0 251 
Aldrin, no sticker 0 158 157 0.7 282 
Dieldrin, no sticker 0 156 152 0 229 
Heptachlor— lbs. broadcast 0.3 191 197 2.8 255 
Heptachlor—4 lbs. broadcast 0 246 212 1.7 273 
Aldrin—4 lbs. broadcast 0 227 207 0 305 
Check 5.0 220 210 §.7 286 
L.S.D. at 5% level 38 44 -- n.s. 





pounds of seed per acre for all the other 
treatments. 

Reynen field, 1953.—Both the seed 
treatments and the broadcast soil applica- 
tions appeared to give satisfactory control 
of the onion maggot under conditions of a 
low maggot infestation (Table 4). The 
stand was thin and uneven in this field 
on account of adverse weather conditions 
which included a tornado, two wind- 
storms, and a flood. Seed treatments ap- 
peared to result in somewhat thinner 
stands than broadcast soil treatments; 
however, there were no significant difler- 
ences in yields. 

Wilkins field, 1953.—Both heptachlor 
and aldrin seed treatments gave good con- 
trol of the onion maggot in this field. Two 
ounces of 25 per cent heptachlor pelleted 
on 1 pound of seed appeared to be just as 
effective as 4 ounces (Table 5). The com- 
bination of 2 ounces of 75 per cent aldrin 
and 2 ounces of thiram per pound of seed 
without sticker resulted in a better stand 
and higher yield than 4 ounces of 75 per 
cent aldrin without the fungicide. 

Discussion.—Pelleting onion seeds 
with an insecticide and fungicide with 4% 
methyl cellulose as a sticker gave effective 


Table 5.—Comparison of some seed treat- 
ments. Wilkins field, 1953. 








PLANTs PER 65-Fr Row 





TREATMENT PER Injured Healthy YIELDS 
PouNp oF SEED on 1 June ML on July 18 Bu./AcrE 
He ptac! hlor 4 oz. 0 313 378 
thiram 4 oz. pellets 
Heptachlor 2 oz. 0.2 368 392 
thiram 4 oz. pellets 
Aldrin 4 oz. 75% 0.6 227 292 
no a no sticker 
Aldrin 2 0z., 75% 0.2 307 315 
thiram 2 oz , no sticker 
Check 5.4 234 242 
L.S.D. at 5° > level - G4 66 





control of the onion maggot in both 1952 
and 1953. Yields of green bunching onions 
were increased up to three times by pel- 
leting seeds, and yields of mature onions 
were nearly doubled in some trials. -The 
advantages of the pelleting method are its 
low cost, the small amounts of insecticides 
needed per acre, and the combined control 
for maggots and smut in the same treat- 
ment. It is surprising that pelleting seed 
resulted in significantly less late-season in- 
jury in one of our experiments than broad- 
cast soil treatments. Greenhouse tests in- 
dicated that pelleted seed took 1 to 2 days 
longer to emerge than untreated seed. 
However, this has not been so evident 
under field conditions. Occasionally there 
were indications of somewhat thinner 
stands with pelleted seeds; however, the 
yields compared well with other methods 
of applying the insecticides. 

Dry mixes of insecticide concentrates 
and thiram with onion seeds gave good 
control of the onion maggot in our experi- 
ments. This appears to be a practical and 
economical method in areas where smut is 
not too serious a problem. The use of 2 
ounces of thiram per pound of seed is 
believed to be sufficient for control of 
damping-off organisms, but the results of 
Larson & Walker (1953) indicate this rate 
of application may be inadequate for con- 
trol of smut when onions are seeded at the 
low rates of 3 to 5 pounds of seed per 
acre. 

Broadcast soil applications of 3 to 4.5 
pounds actual insecticide per acre have 
given effective control. Lower rates of ap- 
plication are believed to be less effective. 
Plots treated with heptachlor at 1.5 
pounds per acre in the Palumbo field had 
a considerable amount of late-season mag- 
got injury. Broadcast soil treatments 
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were used on a greater acreage in Minne- 
sota during 1953 than seed treatments. 
Evidently some growers are willing to pay 
the greater cost of a broadcast soil treat- 
ment for the convenience of being able to 
apply granulated insecticides with ferti- 
lizers or with fertilizer spreading equip- 
ment. 

Applications of granulated formula- 
ations, sprays, or dusts to the open furrow 
at time of seeding are reported to be effec- 
tive in controlling the onion maggot. The 
use of this method is mostly limited to the 
home gardener unless special equipment is 
devised such as that described by Newhall 
& Gunkel (1951). 

Post-emergence applications of insecti- 
cides were much less effective in our ex- 
periments than seed treatments or broad- 
cast soil treatments. The inferior perform- 
ance of the post-emergence sprays was 
probably due at least in part to the small 
size of plots. This method appears to be 
the least desirable method of control be- 
cause of the difficulty of properly timing 
applications as well as the cost and incon- 
venience of making repeated applications. 

SUMMARY.—Recent experiments on the 
control of the onion maggot, Hylemya 
antiqua (Meig.), in Minnesota indicated 
that heptachlor, dieldrin, and aldrin are 
all effective with several methods of ap- 
plication. Evaluations were based on (1) 
counts of plants injured by maggots early 
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Effects of Soil Treatments with Insecticides on Plant 
Growth and Fruit Quality of Strawberries 


Grorce G. Gyrisco! and R. H. Burrace? Cornell University, Ithaca, New York 


White grubs are important pests of 
pasture, forage, nursery stock and the 
home garden. They are particularly im- 
portant pests of strawberries, especially 
during the so-called “‘grub year.’ During 
the second year of their 3- oe ‘life cycle 
(the grub-year), white grubs have been 
known to totally destroy a new planting of 
strawberries by pruning off the roots as 
they move from plant to plant under- 
ground. Laboratory and small-plot field 
tests had indicated that several insecti- 
cides gave good control of white grubs, 
but before any chemical control for white 
grubs in strawberry plantations could be 
considered it was necessary to determine 
any effect of the chemicals upon the 
strawberry plants, particularly upon the 
quality of the fruit. Therefore, in 1949 a 
series of experiments was initiated on the 
effects of chemical soil treatments on 
plant growth as well as on the flavor and 
odor of the fruit in the principal straw- 
berry-growing counties of New York. 

Tests In 1949.—A complete random- 
ized block experiment was designed in 
which the plots were 10 feet by 10 feet and 
were separated from each other by a 
border area 1 yard wide surrounding each 
plot. The treatments were each replicated 
3 times. The experiment was laid out at 
Minetto in Oswego County ona fairly well 
drained stony fine sandy loam. In 1947, 
dry beans had been grown on the field, but 
in 1948 the land was plowed twice and 
maintained fallow. In 1949, the land was 
again plowed, fertilized with 1700 pounds 
of 5-10-5 fertilizer which was well disked 
into the soil and well fitted for planting. 
Soil analysis prior to fertilization indi- 
cated no particular elemental deficiencies. 

Chlordane, parathion, aldrin, dieldrin, 
BHC and lead arsenate were applied as 
dusts at several concentrations as indi- 


cated in table 1 to the various plots by 
means of a hand-operated fertilizer 
spreader. After treating, each insecticide 
was well mixed with the soil by hand rak- 
ing. Strawberry plants of the variety 
Sparkle were planted 18 to a plot in 3 rows 
of 6 each. The plants were set out 18 
inches apart within each row and the rows 
were 3 feet apart. 

Four months after treatment, the plants 
in the various plots were examined for 
survival, number of runners per plant, 
per cent leaf spot and average number of 
plants displaying a physiological disease. 
These data are given in table 1 

The strawberry plants exhibited no un- 
desirable characteristics that could be 
attributed to the soil insecticides which 
were applied. An unusually hot dry sum- 
mer prevented the plants from becoming 
established as rapidly as they would have 
under optimum conditions and caused 
some mortality. 

Tests In 1950.—Six more experiments 
were laid out on silty clay loam soils in 
Erie and Chautauqua Counties, the other 
principal strawberry-growing counties in 
New York. These experiments were sim- 
ilar in design except that the plots were 
10 feet by 20 feet in size and were repli- 
cated four times. All the plots were 
treated again with a hand-operated ferti- 
lizer spreader using aldrin, dieldrin chlor- 
dane and parathion as dusts at 1, 4 and 8 
pounds of actual toxicant per acre, lindane 

1 The authors are indebted to the following men who assisted 
in the field work: Dr. Lemac Hopkins, Dr. D. S. Marshall, and 
Dr. A. A. Muka. Special thanks are due Dr. J. C. Hening of the 
Division of Food Science and Technology of the New York 
State Agricultural Experiment Station, Geneva, New York 
and Dr. Alice M. Briant of the New York State College of 
Home Economics at Cornell University, Ithaca, New York who 
designed and supervised the flavor testing. The authors also 
gratefully acknowledge the receipt of materials from the follow- 
ing companies: American Cyanamid Company, California Spray- 
Chemical Corporation, John Powell & Co., Inc., Shell Chemical 
Cc or ration, and the Velsicol Corporation. 


iow E ntomologist at the Dominion EF ntomologic al Labora- 
Mt. at Saskatoon, Saskatchewan. 
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Table 1.—Effects of soil treatments! with in- 
secticides on plant survival, plant growth and dis- 
ease susceptibility of strawberries 4 months after 
treatment.? Oswego County, New York. 1949. 








Pounpbs 
or Per 
Toxt- Run- Per CEentT 
CANT NERS CEN Puysio- 
INseEcTI- PER PLANTS PER Lea LOGICAL 
CIDE AcRE Deap PLANT SPOT Disease 





Parathion 3.6 0.5 
4. 1 ot 
o. 0.6 


3.6 3.3 
12.7 5.7 
2.1 0 


a 


Chlordane 4. ie §.4 
8 0.6 
0. 


Aldrin sf 0. 
§ 


Dieldrin 


BHC (g.i.) 


Lead arsenate 250 


Untreated check 2. 





1 Made just prior to green in June. a hy : 
2 Results given are the average of three replications. Differ- 
ences not significant. 


at 0.5, 1 and 2 pounds and lead arsenate 
at 250 pounds. The experiments were so 
designed that all of the lowest dosages 
were used in two locations, all of the 
highest in two locations and all of the 
other dosages at two other locations. In 
half of the experiments the insecticides 
were raked into the soil after treatment 
and in the other half, the materials were 
allowed to remain on the surface. All 
treatments were made on April 27, and 
the plantings on April 30. 

Again on August 7, 1950, stand counts, 
runner production, and disease readings 
were made in all of the plots. In no cases 
did any of the treatments adversely affect 
the growth of the strawberries regardless 
of whether the insecticide was worked in- 
to the soil after application or not. 

From the plots located in Oswego 
County during 1950 (the fruitbearing 
year of the plants), fruit was picked from 
each of the treatments involving the 
heaviest application of insecticide to the 
soil and subjected to a series of flavor and 
odor tests as fresh, canned, and jammed 
fruits. The heaviest application of each 
insecticide only was considered since it 
was believed that if no off-flavor or odor 
was detected in the fruit from these plots 
there would probably be no off-flavors and 
odors in the fruit from the plots treated 
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with lower concentrations of each mate 
rial. 

All of the fresh fruit tasting was con- 
ducted by the Division of Food Scienc: 
and Technology of the New York State 
Agricultural Experiment Station at Ge- 
neva under the direction of Dr. J. C. Hen- 
ing. Nine judges were chosen and each 
man was asked to evaluate 18 selections 
of raw berries which were sliced but other- 
wise untreated. Each judge was asked to 
score the samples from 10 to 0 (Excellent 
to Very Poor). Those strawberries scored 
as 9 or more would indicate no off-flavor 
and those less than 9 would indicate de- 
grees of off-flavor. The samples were 
scored in sets of three. These results are 
presented in table 2. 

The jammed and canned fruit were 
sampled for flavor and odor by panels of 
11 and 12 judges of the New York State 
College of Home Economics at Cornell 
University under the drection of Dr. Alice 
M. Briant who designed and supervised 
the tests. In these tests the judges were 
given a known control sample and were 
asked to compare the unknown samples 
with it. The unknown samples including 
some control samples then were rated by 
each judge on a score sheet as to flavor on 
the following scales: natural, strong off- 
flavor, moderately off-flavor, weak off- 
flavor and objectionable flavor. They 
were also rated as to odor on a similar 
scale. These results are presented in 
tables 2 and 4 and it is obvious that the 


Table 2.—Scores given in flavor tests of fresh 
strawberry fruit from plots in Oswego County in 
which the soil had been treated with insecticides 
before the plants were set in the field.' 








Pounps 

PER ACRE Scores? or Jupce NuMBER 
or Toxi- — 
6.8.4.4 €.7'°3 .% 





_ 


INSECTICIDE 
9 ¢ 9 9 — 
999 9 
9999 
999 8 
9999 

9 9 8 Q9 

999 9 

999 9 

9 9 9 

9 — -— » 

9 - 9 9 

9 9 9 9 

9 9 9 9 

9 9 9 9 

9 9— 9 9 

9 9- 9 $ .4 
99— 9 9 9 
9 9- 8 9 9 





Control 
Chlordane 
Chlordane 
Control 
Parathion 
Control 
Control 
Aldrin 

Aldrin 
Control 
Dieldrin 
Dieldrin 
Control 

Lead Arsenate 
Lead Arsenate 
Control 
Control 

BHC (z.i.) 


ro 


oo 


ecevecvevoreeoeooocoosoovre 


eevee eoeeoeoosrveorvervoe 
cevenerevrveorvrvvovocxne 





1 The insecticides were applied June, 1949, and the fruit was 
tested on June 21, 1950 at the New York State Agricultural 
Experiment Station, Geneva. 

2 Scored as 10, excellent, to 0, very poor. 
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Table 3.—Scores given in odor and flavor tests of canned’ strawberry fruit from plots in Oswego 








County in which the soil had been treated with insecticides before the plants were set in the field.” 


NuMBER OF JUDGES ScoRING CANNED FRuirt as: 





PouNDs OF 
ToxIcANT 
PER ACRE 


Off- 
Odor 


Odor 


INSECTICIDE Natural 


Flavor 
Natural 


Off-Flavor 





Objection- 
able 


Strong Moderate Weak 





BHC (g.i.) 4 ll 0 
Chlordane 12 11 0 
Parathion 12 11 0 
\ldrin 4 11 0 
Dieldrin 4 ll 0 
Control None ll 0 


10 1 0 
9 1 0 
11 0 0 
ll 0 0 
10 0 0 
11 0 0 





| The authors are indebted to Valerie Gyrisco who cleaned and processed all the fruit and to Nancy Willman who prepared all the 


samples for judging. 


? The insecticides were applied in June, 1949, the fruit was canned in June, 1950, and tasted January 11, 1951, at the New York 


State College of Home Economics, Cornell University, Ithaca. 


flavor and odor tests conducted on first 
harvest year fresh, canned, and jammed 
fruit of strawberries from Oswego County 
indicated no unusual flavors or odors that 
could be attributed to the insecticides 
used in the soil treatments. 

TASTE AND Opor Tests IN 1951-52.— 
Although only one fruit crop is generally 
taken from commercial plantations of 
strawberries, it was felt that additional 
flavor and odor tests from the Oswego 
County plots would be worthwhile. Hence 
fruit picked in early July was again 
jammed and canned. In addition to this 
processing, another lot was treated with 

} cups of granulated sugar per quart of 
berries, placed in 1-quart ice cream con- 
tainers and quick frozen. 

Another lot of strawberries from Chau- 
tauqua County, taken from plots treated 
and planted in 1950, were also quick fro- 
zen after being treated in a manner similar 
to those above. 

Again panels of judges from the New 


York State College of Home Economics 
evaluated all the preserved fruit from the 
Oswego County and Chautauqua County 
plots. The fruit was scored as to flavor and 
odor on a similar scale as previously de- 
scribed except that numerical scores were 
assigned to each descriptive category as 
follows: 


Natural 10 
Weak off-flavor 8 
Moderate off-flavor 6 
Strong off-flavor 4 


An additional two points were subtracted 
from the score if the odor or flavor of the 
sample was objectionable. Table 5 shows 
the average scores obtained from each 
treatment for the jams, canned straw- 
berries and the fresh frozen fruit, respec- 
tively, from the second harvest year 
stands from Oswego County. Table 6 
presents similar data from plots from 
Chautauqua County. 

From experience, the New York State 
College of Home Economics at Cornell 


Table 4.—Scores given in odor and flavor tests of jammed strawberry fruit! from plots in Oswego 





County in which the soil had been treated with insecticides before the plants were set in the field. 





NUMBER OF JUDGES SCORING JAMMED FRUuIT As: 





PouNDs oF 
ToxICANT 
PER ACRE 


Off- 
Odor 


Odor 


INSECTICIDE Natural 


Flavor 
Natural Strong 


“© Off-Flavor 


Objection- 
Weak able 


Moderate 








BHC (g.i.) 4 12 0 
Chlordane 12 12 0 
Parathion 12 12 0 
Aldrin 4 12 0 
Dieldrin 4 12 0 
Control None 12 0 


11 1 
12 0 
11 1 
12 0 
12 0 
12 0 





! Fruit was jammed in June, 1949, and judged on January 15, 1951, at the New York State College of Home Economics, Cornell 


University, Ithaca. 
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Table 5.—Odor and flavor scores g ven to sec- 
ond crop strawberry fruit (variety Sparkle) taken 
from plants in insecticide-treated plots.! Oswego 
County, New York. 








MEAN ScoRE 


PoUNDS OF 
TOXICANT 
PER ACRE Odor Flavor 


INSECTICIDE 
Jai (11- totals judging waist) 
Chlordane 12 10 
Parathion 12 10 
Aldrin + 10 
Dieldrin 4 10 
BHC (g.i.) 4 10 
Control None 10 


Canned (14-member judging panel) 
Chlordane 12 10 
Parathion 12 9.8 
Aldrin t 10 
Dieldrin t 10 
BHC (g.i.) 4 9.5? 
Control None 10 


Frozen (14-member judging panel) 
Chlordane 12 9.8 
Parathion 12 10 
Aldrin r 9.8 
Dieldrin 4 9.5 
BHC (g.i.) 4 9. 
Control None 9.8 


© 


~o-) orn =~) 
we 





1 All plots treated prior to planting in June, 1949, 
? Flavor probably off. 
3 Flavor obviously off. 


University has found that the following 
interpretations of the average scores ob- 
tained from the taste tests will adequately 
indicate the effects of the soil treatments 
upon the quality of the fruit: 


Check Score assumed to be 10 


Score of above 9.5 (Check minus 0—0.5): Flavor 
satisfactory 

Score of 8.5 to 9.5 (Check minus 0.5-1.5): Flavor 
probably off 

Score of 7.0 to 8.5 (Check minus 1.5-3.0): Flavor 
obviously off 

Score of less than 7.0 (Check minus 3 plus) : Flavor 
strongly off 


Since the check values did not always 
equal 10, the appropriate adjustments in- 
dicated above were made so that the cor- 
rect interpretation of the effect of each 
treatment could be obtained. Table 7 is a 
summary of the three flavor tests that 
were conducted in 1951-52. 

From the various tables, it is strikingly 
evident that the majority of off-flavors 
were detected in the processed fruit rather 
than in the fresh or fresh frozen berries. 
With but one exception when ever an off- 
flavor did occur in the fresh or fresh fro- 
zen fruit, the processed form was similarly 
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affected. In fact, processing strawberrie; 
accentuated any off-flavor which was pres 
ent in the fresh or fresh frozen fruit 
Since it is possible that any markete: 
fruit might be processed, the use of soi! 
insecticides which will give off-flavors to 
strawberries in any form is undesirable. 

The chlordane and lead arsenate ap 
plications were the only soil treatments 
which did not impart any off-flavors or 
odors to either the first or second crop 
fruit in the form of fresh strawberries, 
fresh frozen strawberries, canned straw- 
berries or jam. 

SumMary.—lIn 1949 and 1950, seven 
experiments were laid out in Oswego, Erie 
and Chautauqua Counties, New York, in 
which the soil was treated with several in- 
secticides as dusts at concentrations effec- 
tive for the control of white grubs under 
laboratory conditions, just prior to setting 
out strawberry plants of the variety 
Sparkle. Aldrin, dieldrin, chlordane, lead 
arsenate, parathion, BHC and lindane 
were used at one or more concentrations. 

None of the insecticides used in these 
experiments affected the growth of the 
plants, their vigor or disease susceptibil- 
ity. 

Fresh fruit, canned strawberries and 


Table 6.—Odor and flavor scores given to first 
crop strawberry fruit (variety Sparkle) taken from 
plants in insecticide-treated plots.' Chautauqua 
County, New York. 








PouNDs OF MEAN Score? 
ToxicANT — —--— 
PER ACRE Odor Flavor’ 


INSECTICIDE 

Canned (10- member judging panel) 
Dieldrin 8 9.4 
Aldrin 8 8.6 
Chlordane 9.6 
Lead arsenate 250 9.0 
Parathion 9.6 
Lindane 2 8.6 
Control None 9.0 


WUHIIQIWQWKS 


Frozen (16-member judging panel) 

Dieldrin 8 3.3 
Aldrin 8 9.5 
Chlordane 8 

Lead arsenate 250 

Parathion 8 

Lindane 2 

Control None 





1 The toxicants were applied in dust form to a light sandy loam 
soil by means of a hand-operated fertilizer spreader just before 
the plants were planted in April 1950. 

2 Average of # ae tests. 

All samples tasted and smelled of the wax cartons in which 
the berries were frozen - stored, 

4 Flavor “obviously off 

5 Flavor “probably off.” 
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Table 7.—Effects of soil insecticide treatments upon the taste of strawberry fruit.' Oswego and 


Chautauqua Counties, New York. 1949 and 1950. 





— 





PouNDS OF 


First Fruir Crop 


SreconD Fruit Crop 





‘TOXICANT 


PER ACRE 


INSECTICIDE Probably off 


Obviously off 


Probably off | Obviously off 





Chlordane 8 No 
12 No 
No 
No 


Parathion 


Aldrin No 
No 


No 
Yes? 


No 
Yes? 
No 


Dieldrin 


BHC (g.i.) 
Lindane 
Lead arsenate 


No 
No No 


Not tested 
No Not tested 
No Yes? 


No 
Yes? 


Yes* 

Not tested 
No 
No 


Yes? 
Not tested 
No Yes? 4 


No Not tested 
No Not tested 





1 The insecticides were applied in dust form to the soil prior to planting. 


2 Frozen. 
3 Canned. 
4 Jammed. 


jam were sampled for flavor and odor from 
the plots in Oswego County during the 
second harvest year (not normally har- 
vested in commercial production). Para- 
thion and dieldrin gave “obvious off- 
flavors”’ in the canned berries while aldrin, 
BHC, parathion and dieldrin gave flavors 
in the jams, canned strawberries and fresh 
frozen fruit which were judged as “‘prob- 
ably off.”” BHC also gave odors judged 
as “probably off.” 

In the Chautauqua County plots, 
canned fruit from the aldrin plots were 
judged “obviously off” while lindane was 
believed to be “probably  off-flavor.” 


Fresh frozen fruit from the dieldrin plots 
was also judged to be “probably off.” 

Only chlordane and lead arsenate did 
not impart off-flavors or odors to any of 
the berries on which they were tried, 
whether processed or not. 

It should be emphasized strongly that 
these results pertain only to the experi- 
ments as described in this paper. It is a 
well-known fact that location, soil type, 
soil structure, ecological conditions, in- 
secticide formulation and variety of the 
crop are all important considerations in 
any short-time flavor and odor experi- 
ments. 


Growers Trials for Control of Wireworms Attacking Corn' 


Wa ter M. Kutasn, North Carolina Agricultural Experiment Station, Raleigh 


Field tests conducted in 1951 by the 
author indicated the effectiveness of var- 
ious materials used by different methods 
of application for the control of wire- 
worms attacking corn. In 1952, some of 
these methods were used with various in- 
secticides in grower trials, the results of 
which are reported in this paper. In all 
of these trials, the principal wireworm 
‘ausing damage to corn was Melanotus 
communis (Gyll.). Other species found in 
this area were Conoderus lividus (DeG.) 


and Glyphonyz recticollis (Say). All trials 
were conducted in Hyde County, North 
Carolina, in fields separated only by a 
ditch or field road and having a muck- 
type of soil where wireworms had dam- 
aged corn severely in previous years. 


Metuops AND Marterrats.—Three 
methods of treatment were used in three 
separate trials. The purpose of these trials 

1 Contribution from the Entomology Department, N. C. Agri- 
cultural Experiment Station, Raleigh. Published with the ap- 


proval of the Director of Research as Paper No. 492 of the Jour- 
nal Series, 
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Table 1.—Results of soil- and seed-treatment with heptachlor for control of wireworms. 








Per Cent or PLANTS 
AVERAGE No. Puants! DAMAGED BY WIREWORMS 





No. or -_—- a 
Meruop or TREATMENT REPLICATIONS Treated Untreated Treated Untreated 





Soil, 100 Ibs. 5% 

heptachlor/A 5 247 185 ee | 9.4 
Seed, 4 oz. w. p. 25% 

heptachlor/bu. 3 232 183 §.2 


Combination of above 
2 treatments 2 236 194 1.9 10.3 


10.8 





1 Based on plant counts in 20 random samples of 10 feet of row per sample in each plot. Differences between treated and untreated 
plots in percentage of plants damaged by wireworms highly significant for all treatments. 


was to determine the effectiveness of the ment—one for seed and the other for 
rarious methods of treatment with dif- fertilizer. The 5 per cent heptachlor dust 
ferent insecticides applied by growers to was loaded in the fertilizer compartment 
relatively large plots. and it flowed satisfactorily through the 
In the first trial, heptachlor was com- _ outlet tubes directly into the soil. The 
pared as, (1) a seed dressing, (2) a soil land was again cultivated after the dust 
treatment, and (3) a combination treat- had been applied. The third method used 
ment of these two methods. Wettable _ in the first grower trial was a combination 
powder heptachlor, 25 per cent, was used of the above described treatments, using 
as a seed dressing. No sticker was used the same materials at the same rates of 
but the seed was slightly moistened be- application. 
fore mixing with the wettable powder. Each method of treatment was repli- 


The coating thus obtained did not flake cated two or more times with a corre- 
off nor did it clog the seed plate in the sponding number of untreated check plots. 


planter. The three methods of treatment and the 
In the soil treatment with heptachior, materials used in the first grower trial are 
100 pounds of 5 per cent dust per acre was _ listed in table 1. Grower trial No. 2 was 
applied to the soil and disked in toadepth conducted with various formulations of 
of about 4 inches. Prior to the applica- wettable powder concentrates as_ seed 
tion, the field had been plowed and disked. dressings. The method of application 
The previous crop on this land had been and planting were the same as that al- tr 
soybeans planted in rows. Two to 3 inches ready described for seed treatment in as 
of soybean stubble remained after the grower trial No. 1 above. Three different of 
fall harvest. The soil treatment was ap- insecticides and one insecticide-fungicide 
plied with a small-grain seeder in drill mixture were used as shown in table 2. 
rows about 9 inches apart and 2 inches The third grower trial consisted of 
deep. The seeder had a double compart- spraying the drill row as the seed was 


de 
pr 


ta’ 
m 
ne 
CO) 
ho 
tal 
ing 
AVERAGE NUMBER Per CENT or PLANTS | 

Ounces UsEep or Puants! DaMAGED BY WIREWorRMs! fer 

WETTABLE PowpDER PER BUSHEL _——— No 


CONCENTRATE oF SEED Treated Untreated Treated Untreated ap 
——— i — c 


40% aldrin? 254 193 8.6 32.6 tri: 
50% dieldrin? : 246 193 11.0 32.6 (t h 
25% heptachlor® 247 193 14.2 32.6 thi 
75% lindane 5 153 154 36.6 58.5 mn 
Fungicide' plus 141 154 55.3 58.5 res 
75% lindane 5 


Table 2.—Results of seed coating for wireworm control. 

















row 
abo 


1 Based on plant counts in 20 random samples of 10 feet of row in each plot. ope 

2 Supplied by Julius Hyman & Co., Denver, Colorado. . 

3 Supplied by Velsicol Corp., Chicago, III. In ¢ 

4 Supplied by California Spray-Chemical Corp., Elizabeth, N. J. tre: 

5 N-trichloromethylthio tetrahydrophthalimide, 50 per cent, h 
abo 
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Table 3.—Results of spraying drill row at time of planting corn for control of wireworms. 








OUNCES 
ActuaL Toxi- 
CANT PER 
AcrE Row! 


GALLONS 
OF SPRAY 
PER AcRE! 


INSECTICIDE 
Usrp 


Perr Cent or PLANTS 
DAMAGED BY WIREWORMS? 


AVERAGE NUMBER 
oF PLANTs? 





May 16 May 30 May 16 May 30 





Aldrin 45 
Aldrin 30 
Aldrin 15 
Heptachlor 30 
Dieldrin 30 
Lindane 30 
Untreated 0 


247 210 ‘ 7.1 
334 315 13.3 
217 193 20.8 
229 208 1.7 
248 235 13.6 
208 168 31.5 
242 193 32.6 





! Based on application to 4-inch strip in approximately 12,400 feet of row per acre. For equivalent rate per acre for entire surface 


application, multiply the ounces of toxicant by 10. 


? Based on counts of 20 random samples of 10 feet of row per plot. 


being planted. Elmore (1950) described 
this method of treatment for controlling 
the seed-corn maggot, Hylemya cilicrura 
(Rond.), attacking lima beans in Cali- 
fornia. In the third grower trial, a two-row 
tractor planter was used. The spray was 
delivered to each planting furrow through 
an adjustable nozzle located directly be- 
hind the planter dises which made the 
furrow, and 4 inches above the drill row. 
In this planter, the seed was dropped just 
ahead of the spray nozzle which applied a 
spray covering a strip 4 inches wide, about 
2 inches to either side of the seed as it was 
dropped in the furrow. Source of power for 
delivering the spray was a tank of com- 
pressed air mounted on the front of the 
tractor. Pressure regulators were used to 
assure an even flow of liquid at a pressure 
of 15 pounds. Spray materials were con- 
tained in two 2}-gallon capacity tanks 
mounted on each side of the tractor. Con- 
necting hoses from the spray tank to the 
compressed air tank and to the spray 
nozzle were arranged so that the spray 
tanks could be readily removed for clean- 
ing or changing between treatments. 
Emulsion concentrates of the four dif- 
ferent insecticides used in grower trial 
No. 3. and the rates at which they were 
applied are shown in table 3. Plots in all 
trials were 12 rows wide and 800 feet long 
(the length of the field). In the second and 
third trials, single plots were used for each 
treatment. All corn was tractor-planted in 
rows 3.5 feet wide at a drill spacing of 
about 9 inches. A locally-grown yellow, 
open pollinated variety of corn was used 
in all the trials. Seed and soil broadcast 
treatments were made in early April 
about 2 weeks before planting. Spray 


treatments (grower trial No. 3) were 
made at the time of planting on April 24, 
1952. 

Resutts.—Effects of the treatments 
were determined from counts made of the 
total number of healthy and injured 
plants in a given number of sample units 
of row in the center two rows of each plot. 
The sample unit was 10 feet of row. 
Twenty such samples were taken at each 
count in each plot. Plant counts were 
made on two or three different dates dur- 
ing the period of greatest wireworm activ- 
ity and damage to plants. The later plant 
counts showed greater amounts of wire- 
worm damaged plants in all plots than did 
the first count, and these are the counts 
summarized in the tables. 

The results of grower trial No. 1 with 
heptachlor-treated seed and soil are pre- 
sented in table 1. In general, treated plots 
had 20 to 30 per cent more plants than 
did untreated check plots. For example, 
the average number of plants in 20 sam- 
ples was 247 in the treated-soil plots and 
185 in the untreated check samples. Dam- 
age was much higher in the untreated 
checks than in the treated plots. Only 1.1 
per cent of the plants were damaged in the 
treated-soil plots and 9.4 per cent of the 
plants were damaged in the corresponding 
untreated checks. Treated-seed plots had 
fewer plants and more damage than did 
treated-soil plots. Combination treat- 
ments of seed and soil did not appear 
much different from the soil treatment but 
both types of treatments were better than 
the seed treatment. All methods of treat- 
ment were significantly better than the 
corresponding untreated check plots. 

The results of the second grower trial 
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are summarized in table 2. All seed-dress- 
ing afforded some protection against wire- 
worm attack. In all instances but one, 
treated plots had more plants than their 
corresponding untreated checks. The ex- 
ception was the insecticide-fungicide seed 
coating which had a total of 141 plants 
compared to 154 in the untreated check. 
However, this treatment had _ slightly 
less damage (55.3 per cent) than the check 
(58.2 per cent). The largest number of 
plants and the least wireworm damage was 
recorded in the aldrin seed-treatment with 
the dieldrin- and heptachlor-seed treat- 
ments next in line. Each of these treat- 
ments has less than 15 per cent damaged 
plants whereas the lindane treatment and 
the combination mixture of lindane- 
fungicide had 36.6 and 55.3 per cent of 
damage, respectively. In comparing one 
seed treatment with another, attention 
should be paid to the level of wireworm 
damage in the corresponding check. The 
untreated checks used for comparison 
with the lindane and lindane-fungicide 
treatments had nearly twice as much 
damage as the untreated checks for the 
aldrin, dieldrin, and heptachlor treat- 
ments. This greater incidence of wire- 
worm damage indicated a higher popula- 
tion of wireworms in these untreated 
checks than in the untreated checks for 
the aldrin, dieldrin, and heptachlor treat- 
ments. 

Results of the third grower trial, spray- 


LITERATURE CITED 








Vol. 47, No. : 


ing in the drill row at the time of planting, 
are summarized in table 3. Plant counts 
were made on two different dates. In th: 
first plant count all plots showed a low 
percentage of plants damaged by wire 
worms, but in the second count, there was 
a marked increase in damaged plants in 
all plots. The least amount of damage, 7.1 
per cent, was recorded in the heavy aldrin 
treatment. The lindane plot on May 30, 
had 31.5 per cent damaged plants and the 
untreated check, 32.6 per cent. 


SumMaArRY.—Results of three grower 
trials with different insecticides applied by 
different methods for the control of wire- 
worms attacking corn in muck-type soil in 
eastern North Carolina indicated the 
following: 

1. Heptachlor as a soil treatment was 
more effective than heptachlor-treated 
seed planted in untreated soil. A combina- 
tion treatment of treated seed and treated 
soil was not much more effective than 
treated soil alone. 

2. Seed treatments with aldrin, diel- 
drin, or heptachlor appeared more effec- 
tive than lindane or a mixture of lindane 
with a fungicide, 50 per cent n-trichloro- 
methylthio tetrahydrophthalimide. 

3. Spraying in the drill row with aldrin, 
dieldrin, or heptachlor afforded some pro- 
tection against wireworm attack, but 
lindane used in this manner was not effec- 
tive. 





Elmore, John C. 1950. A new device for spraying bean seed in the row while planting. U.S.D.A.,, 


B.E.P.Q., ET-279. 


The past few years there has been a 
gradual increase of peach silver mites, 
Vasates cornutus (Banks), in peach or- 
chards in north central Washington. The 
1952 infestation was rather serious in 
some localities. However, peach orchards 
were damaged less in 1953 and injury did 
not show up until late in the season. Less 
damage probably resulted because a 
number of growers applied sprays; also, 
the cool, wet spring delayed the build-up 
of high mite populations. 


Peach Silver Mite Control! 


Epwarp W. AnTHON?? 












The first two types of injury caused by 
these mites are not noticeable to most 
individuals but detract from the general 
well-being of the tree. Mites begin feeding 
when buds open in the spring. In some 
vases the buds are damaged to the extent 
that they become too weak to survive. 


1 Scientific Paper No. 1801, Washington Agricultural Experi- 
ment Stations, Pullman. Project No. 1090. , 

2 Associate Entomologist, Tree Fruit Experiment Station, 
Wenatchee, Washington. 

3 The author wishes to acknowledge the valued assistance of 
Everett Burts and Martin Roys. 
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Ai this early stage of tree development 
they then attack small tender leaves and, 
if infestation is severe, cause fine yellow 
dots to appear on the leaves, which in 
many cases resemble a virus disease. H. 
H. Keifer (1946) reported that these 
mites cause an unhealthy longitudinal 
rolling and, in some cases, numerous fine 
yellow dots on the leaves. Prolonged feed- 
ing during the spring and summer causes 
a pronounced silvering of the leaves. This 
generally starts in the lower part of the 
tree and works upward until the whole 
tree may be silvered. In the past, dormant 
sprays of lime-sulfur have given seasonal 
control of this mite. However, in 1952 
dormant and delayed dormant spray ap- 
plied in north central Washington were in- 
effective. Webster (1948) reports that ap- 
parently dormant applications of lime- 
sulfur or oil and lime-sulfur combinations 
are not sufficient to hold a related species, 
the apple rust mite, Vasates schlechtendali 
(Nal.), in check for the entire season. 

In the delayed dormant stage, sprays of 
lime-sulfur, oil and lime sulfur combina- 
tion, parathion, malathion and Aramite 
all seemed to give good control. However, 


when checks were made of the foliage 30 
days after treatment, the leaves were free 
of mites both on the treated and un- 


treated trees. This condition has been 
noted before, but no answer has been 
found to explain this phenomenon. No 
mite injury was visible then until the first 
part of July when the peach leaves started 
to take on a silver cast. 

A number of sprays were applied July 
28, 1952, to blocks of five peach trees per 
treatment. A portable sprayer with con- 
ventional hand gun was used. All experi- 
mental blocks received one spray except 
the trees receiving the parathion and 
malathion. Because the test plots were in 
a grower’s orchard, two applications of 
parathion and malathion were required 
for seasonal control. 

Mite counts were made by examining 
100 peach leaves per treated plot. These 
data are recorded in table 1 and are made 
from approximately the same location on 
each leaf examined. Two binocular micro- 
scope field readings were made per leaf. 
Because of the pest’s small size and 
tremendous numbers, this type of count- 
ing was used to simplify and speed the 
counting technique. There were four mite 
counts made of all treatments except the 
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Table 1.—Results of acaricidal treatments for 
peach silver mite control, Orondo, Washington, 
1952. 








AveraGE No. Mites 


PER 100-Lear Count 
SPRAYED MATERIAL-PER 100 Gat. al 7 7/30 8/13 8/26 
Sy sox E m. 3 pt. 1 1666 0 
Systox Em. 4 pt. 2051 0 
Chlorobensilate | Em. 1 pt.2 1260 0 
R-242 W.P. 3 Ibs.* 1061 3 
R-242 W.P. 2 Ibs. 364 0 
R-242 Em. 2 pts. 483 0 
Aramite Em. 1} pts. 296 2 
DMC Em. 1 pt. 333 0 
Compound 876 Em. 1 pt. 1853 1 
7/23. Compound 876 W.P. } Ibs 495 0 
7/23  Malathion Em. 1} pts.6 531 47 
8/5 Malathion Em. 8 pts. 
7/23. Malathion W.P. 2 lbs. 131 37 
8/5 Malathion W.P. 4 Ibs. 
7/23.“ Parathion Em. ; pt.? 633 149 
8/5 Parathion Em. 1 pt. 
7/23 Parathion W.P. $ Ib. 
8/5 Parathion W.P. 1 lb. 
_— Untreated check 463 918 1665 1274 





Date 


7/23 
7/23 
7/23 
7/23 
7/23 
7/23 
7/23 
7/23 
7/23 


1160 191 1 





1 Systox 42.4%, supplied by Chemagro Corporation. 

2 Chlorobenzilate 2-hydroxy -2, 2-bis (4-chlorophenyl) ethy] 
acetate (25%), supplied by Geigy Company Inc. 

3 Sulphenone W. P. P-chloro henyl phenyl sulfone 40% re- 
lated diary] sulfones 10%, supplied by Stauffer Chemical Com- 

ny. 
" Aramite (15%), furnished by Naugatuck Chemical. 

& Compound 876-bis (P-chloropheny] ethy ny! carbinol) (50%), 
PI a General Chemical Company. 

6 Malathion (57%), supplied by American Cyanamid Com- 


Tieathien (25% i y ic vanamid C 
(25%), supplied by American Cyanamid Com- 
pany. 

Systox plot where only two counts were 
made. The Systox used in 1952-53 experi- 
ments was 42.4 per cent emulsion. One 
pre-treatment and three post-treatment 
counts were made. In table 1 there was a 
drop in the third post-treatment mite 
count in the check plot because these 
trees were damaged so severely they 
would not support a high population of 
mites. 

In 1953 a more complete experimental 
spray program was conducted using 11 
compounds at one or more concentrations 
amounting to 18 treatments in all. Five 
single trees were sprayed with each con- 
centration. Each treatment was replicated 
five times and each treatment randomized, 
with buffer trees between treated trees. 
Sprays were applied on August 3 and 4 
with the same equipment and in the same 
manner as in 1952. One pre-treatment and 
four post-treatment counts were made. 
Fifty leaves from each tree were selected 
at random from both treated and un- 
treated trees. These leaf samples were 
then run through a mite brushing machine 
onto a 5-inch glass slide. One-tenth of the 
mites on the slide surface were counted. 
Mites per leaf were computed from this. 
For some reason the mite populations de- 
creased on the untreated trees after the 





868 JOURNAL OF Economic ENTOMOLOGY 


Vol. 47, No. 5 


Table 2.—Results of acaricidal treatment for peach silver mite control, Orondo, Washington, 


1953. 








MEAN NuMBER OF MITES PER LEAF FROM ORIGINAL COUNTS 


MEAN 
or TRANS- 





Pre-treatment 
Count 


Post-treatment Counts 


FORMED 
VALUES For 
4TH Post- 





MATERIAL— 
PER 100 GAL. 7/29 8/10 


— TREATMEN? 


8/18 Count! 


io 2) 
a 
rhs) 
Or 





Sulphur $ Ibs. 233. 0.08 
Systox 4 pt. 172. 
Chlorobenzilate 1 pt. 172. 
Chlorobenzilate } pt. 332. 
Compound 876 1 lb. 206. 
Systox } pt. 250 
Aramite 14 lbs. 250. 
Chlorobenzilate } \b. 124. 
Chlorobenzilate 1 |b. 193. 
R-242 2 Ibs. 201. 
Parathion 1} lbs. 210. 
Parathion 13 pts. 180. 
Untreated (check) 199. 
R-242 1 Ib. 130. 
DMC 1 bb. 286. 
DN-289 3 oz.? 261. 
Malathion 2 pts. 188. 
TEPP 1 pt. 265. 
Malathion 8 lbs. 192. 


1 
2 
20. 
25. 
102. 
1 
46 
34. 
32. 
32 
19. 


COON DOOOOSWW DAREMA SOMWOA 
—- 
WMWOUEPHDOASCHUASWWOWYW 


43} 
84* 
05* 
06* 
35* 
61 
10 
23 
24 
.28 
57 
si2 
17 
18 
85 
.56 
.95* 
.14* 
.40t 


R 


0. 


oom 


WHW ASW OSOSOSWENIAMNOKHE ES 


18. 
12. 
15. 
19. 
10. 
19. 
29. 
31. 
43. 
44. 
45. 
66. 
75. 
82. 
84. 
bye 


2 
2. 
2 


SVC kraa wee 


D Or 7 
Ver HSCHWORSOHHUENEOH ERO 
oe 
SOD DVR AAO Or WO 


SHAAHKOHMNIKEHOHWID HRY 





1 Square root transformation applied prior to statistical analysis, 


2 DN-289-4,6-dinitro-ortho-secondary buty! phenol triethanolamine salt, supplied by Dow Chemical Company. 


* Significant difference (0.05) from the untreated check. 
t Significant difference (0.01) from the untreated check. 


pre-treatment counts were made. In a few 
cases, the untreated trees indicated de- 
crease comparable to those on the treated 
plots. 

SumMary.—In 1952 and 1953 a dor- 
mant or delayed dormant spray of lime- 
sulfur, or oil and lime sulfur combinations, 
failed to control the peach silver mite, 
Vasates cornutus (Banks), on peaches for 
the season in north central Washington. 

In 1952 Systox and Chlorobenzilate 
emulsion as well as wettable powder of 
R-242 and Aramite gave excellent con- 


trol for 1 month. The initial kill by DMC 
was excellent, but its residual action was 
poor. 

The materials tested against this mite 
in 1953 showed that wettable sulfur was 
significantly (0.01) better than the check 
and Systox 4 pint, Chlorobenzilate 1 pint 
or 4 pint, and compound 876 were sig- 
nificantly (0.05) better than the check. 
Plots treated with malathion at 2 pints or 
3 pounds, and TEPP at 1 pint had a sig- 
nificant increase of mites over the un- 
treated check. 


LITERATURE CITED 
Keifer, H. H. 1946. A Review of North American Economic Eriophyid Mites. Jour. Econ. Ent. 39(5): 


563-70. 


Webster, R. L. 1948. Mites of Economic Importance in the Pacific Northwest. Jour. Econ. Ent. 


41(5): 677-83. 
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Tests Against Cotton Pests With Some New 
Dust and Spray Formulations’” 
M. E. Merku and E. W. Dunnam, Entomology Research Branch, Agr. Res. Serv., U.S.D.A. 


In 1953 conditions at Stoneville, Miss., 
were not favorable for experiments on 
control of cotton-insect pests. A poor dis- 
tribution of moisture limited yields on 
iiost experimental plots. For example, 
rainfall during April and May was 62 per 
cent above a 38-year average, and stands 
in some fields were damaged. From June 1 
through September only 6.79 inches of 
rain fell, which was only 54 per cent of the 
38-year average. This extreme shortage of 
moisture during the growing season re- 
duced the yield of cotton and also some 
insect populations. 

Despite unfavorable weather, many field 
experiments were conducted. This paper 
is a brief report on tests with new dust 
formulations containing calcium carbon- 
ate as the diluent, and with a new stabil- 
ized endrin dust. Two new phosphorus 
compounds*® and Chlorthion were em- 
ployed in limited spray tests. 

Some insecticide formulations possess 
poor dusting qualities. Erratic results and 
poor insect control are often due to in- 
ferior distribution and poor plant cover- 
age with the dusts. Progress is being made 
in the formulation of better dusts. More 
information is needed concerning flowabil- 
ity, adherence, density, and particle size 
in dust formulations. The rate and extent 
of breakdown in storage must also be 
considered. 

Tests witH Dusts DILUTED wITH 
CatcruM CARBONATE.—Among the new 
diluents that are being perfected is a 
ground, chemically treated calcium car- 
bonate that is fully dispersible and non- 
wettable. This product is designed pri- 
marily for use as a diluent. It is not an 
absorbent dust. It is free-flowing, non- 
lumping, and noncaking. Its dispersibil- 
ity promotes grinding and mixing, and 
facilitates dusting performance and cov- 
erage. 

During the last 2 years field experi- 
ments have been conducted with this form 
of calcium carbonate as a diluent. Several 
organic insecticides formulated with calci- 
um carbonate had excellent dusting qual- 
ities. They produced a free-flowing dust 
cloud that gave an even distribution and 


good coverage of plants in tests with 
both airplane and ground equipment. In 
these respects this diluent was superior to 
any others tested at Stoneville. 

Dusts containing from 23 to 90 per cent 
of calcium carbonate were investigated, 
although most formulations contained 50 
to 60 per cent. When mixed with aldrin, 
dieldrin, BHC-DDT, and toxaphene, it 
produced highly satisfactory dusts at all 
percentages tested and gave good control 
of insects. 

Laboratory tests indicate that the dusts 
are stable in storage. Mixtures with 
several chlorinated hydrocarbons and 
phosphorus compounds were still effective 
after storage for a year or longer in tests 
conducted in Texas (Rainwater et al. 1954). 
Calcium carbonate has been considered by 
some to be incompatible with several or- 
ganic toxicants owing to its alkalinity (pH 
10.18). However, none of these com- 
pounds broke down when stored in tightly 
stoppered glass bottles at room tempera- 
tures, and all except BHC retained their 
effectiveness when stored in paper bags at 
100 per cent relative humidity. 

In 1952, 4 tons of insecticides formul- 
ated with calcium carbonate were used in 
field tests at Stoneville. Good control of 
boll weevils and bollworms was _ ob- 
tained with dusts that had been stored from 
6 to 8 months. In 1953, 5 tons of formula- 
tions containing calcium carbonate were 
used. The dusts were applied on June 17 
and 23, and three to five times between 
July 16 and August 15. As shown in 
table 1, all materials gave effective con- 
trol of injurious insects present. 

Although a complete record of the 
amount of commercial dust formulated 
and used during the season of 1953 is not 
available, it is known that large quantities 
were used. The formulators received no 
complaints about dusting quality or in- 
ferior control. 


1 Report of a study in which certain phases were carried out 
under the Research and saree Act of 1946. This study was 
made in cooperation with the Delta Branch of the Mississippi 
Agricultural Experiment Station and the former U. 5. Bureau 
of Plant Industry, Soils, and Agricultural Engineering. 

2 Presented at the meeting of the Cotton States Branch of the 
Entomological Society of America at Biloxi, Miss., Jan. 25-27, 
1954. 

* Samples of the stabilized endrin dust and phosphorus com- 
pounds were furnished by the Shell Chemical Corporation. 
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Table 1.—Effectiveness against two cotton insects of insecticide dusts formulated with calcium 



















NuMBER OF BOLL 


Per Cent or SQUARES 


INFESTED BY— 













CaALcIUM Pounbs WEEVILS PER ACRE ON— 
CARBONATE OF Dust —~ 
INSECTICIDE Per Cent PER ACRE June 6 June 22 Boll Weevils Bollworms 
Check (none) 83 19! 35 0.2 
BHC 8% + DDT 5% 23 10.8 217 8 10 4 
60 10.9 275 50 3.8 oO 
Toxaphene 20% 50 14.9 150 0 8.8 4 
Dieldrin 1.5% 90 11.1 367 0 8.8 .6 














1 Square infestation. 


Tests WITH STABILIZED ENDRIN 
Dust.—There has been extensive interest 
in endrin dust, since sprays containing 
this insecticide have given good control 
of several major cotton insects. In 1953 a 
stabilized 2 per cent endrin dust was 
tested at Stoneville. In a field test 4.5 
acres of cotton were treated by airplane 
with 95 pounds of this dust. Little control 
of weevils or worms was obtained, but 
close examination of the treated field 
showed that the dust had failed to give 
good coverage. In the center of the swath 
fairly large, soft lumps or masses of dust 
were conspicuous. A sample of the dust 
was returned to the manufacturer, and it 
was found to contain all the original toxic 
components. Since it had not broken down, 
it was assumed that the poor control re- 
sulted from inferior plant coverage. 

In further tests with this dust, several 
small plots were treated with a rotary 
hand duster. The dust was applied at 
rates of 5, 10, 20, and 30 pounds per acre. 
At the higher rates it gave fair control of 
boll weevils, bollworms, and leafworms. A 
certain amount of repellency was noted in 
the treated plots. Boll weevils and moths 
avoided the treated areas or moved out 
soon after entering these plots. This repel- 
lency was attributed to the liberation of 

























Table 2.—Effectiveness of several acaracides against the desert spider mite 





ammonia and other gases from the am- 
monium carbonate and urea that were 
utilized as stablilizers in the dust formula- 
tion. A laboratory test indicated that the 
endrin dust was effective against the boll 
weevil, but further work is needed on its 
dusting quality. 

Tests with New PxospHorus Com- 
pounpDs.—Field tests were conducted with 
two new phosphorus compounds, OS-1836 
(2-chloroviny] diethyl phosphate) and OS- 
2046 (2-carbomethoxyisopropeny] dimeth- 
yl phosphate) applied as sprays. Both 
compounds were tested at 0.125, 0.25, and 
0.5 pound per acre. All dead insects were 
counted on paper spread under treated 
cotton plants on 10 feet of row. These 
compounds showed considerable promise 
against injurious insects. At the higher 
rates they also killed many lady beetles 
and other beneficial insects. 

In field-cage tests they showed some 
promise against the boll weevil and the 
cotton leafworm when applied at the 
rate of 0.5 pound per acre. Compounds 
OS-1836 and OS-2046 killed 71 and 97 
per cent of the boll weevils and 80 and 78 
per cent of the leafworms. However, they 
also killed 60 and 90 per cent of the lady 
beetles. 

TESTS WITH field 


ACARACIDES.—One 













Pounps AVERAGE 
OF NUMBER OF 








Per Cent Net Mortauity Arrer— 

















































Toxicant Murtes Berore a - -- 
TREATMENT PER ACRE TREATMENT 1 Day 5 Days 9Days 14Days_ 19 Days 
Aramite 0.50 580 62 99 99 99 99 
Chlorthion .25 626 73 99 98 92 99 
Demeton 25 524 74 98 99 98 99 
Malathion .25 567 59 62 0 0 0 
Metacide .20 459 63 97 78 28 74 
Methy] parathion 25 501 63 96 51 0 76 
Parathion 25 652 76 96 89 65 89 
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experiment was conducted to determine 
the residual effect of seven phosphorus 
sprays on the desert spider mite, Tetrany- 
chus desertorum Banks. The plots were 8 
rows wide and 232 feet long and were 
duplicated. The sprays were applied with 
a tractor-sprayer at the rate of 3 gallons 
per acre on August 12, Mites were counted 
on 25 leaves, and mortality was calculated 
by Abbott’s formula. As shown in table 2, 
Chlorthion, demeton, and Aramite gave 
98-99 per cent mortality by the end of 5 
days and maintained this level for 19 
days. Parathion, methyl parathion, Meta- 
cide, and malathion were less effective. 
SuMMARY.—At Stoneville, Miss., in 
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1953, new dust formulations containing 
chemically treated calcium carbonate had 
excellent dusting qualities and gave good 
control of cotton insects. A new stabilized 
endrin dust gave less promising results, 
owing to poor distribution on plants. 

Two new phosphorus compounds, OS- 
1836 (2-chlorovinyl diethyl phosphate) 
and OS-2046 (2-carbomethoxyisopropeny| 
dimethyl phosphate), in sprays gave sub- 
stantial reductions in populations of 
several cotton insects. 

Chlorthion compared favorably with 
Aramite and demeton for control of the 
desert spider mite. 


LITERATURE CITED 


Rainwater, C. F., E. W. Dunnam, E. E. Ivy, and A. L. Scales. 1953. Calcium carbonate as a diluent 
for insecticidal dusts. Jour. Econ. Ent. 46(6): 923-7. 


Factors Influencing the Susceptibility of the Plum 
Curculio to Lead Arsenate! 


E. H. Smiru, New York State Agricultural Experiment Station, Cornell University, Geneva 


A program of investigation on the biol- 
ogy and control of the plum curculio, 
Conotrachelus nenuphar (Hbst.), was initi- 
ated by the writer in 1949. One phase of 
this study dealt with factors influencing 
the susceptibility of the species to insecti- 
cides. The first insecticide selected for 
investigation was lead arsenate. For over 
40 years this was the insecticide com- 
monly advised for plum curculio control. 
Results obtained during this period have 
been extremely variable and at times con- 
flicting. It occurred to the writer that 
these inconsistencies might be due in part 
to factors other than timing of treatments, 
dosage, spray coverage and number of 
treatments. Other factors considered 
were: age of insects at the time of treat- 
ment, presence or absence of surface mois- 
ture on fruit and foliage, temperature, 
humidity, and host species. Of these, in- 
sect age and surface moisture have been 
investigated and are discussed in the pres- 
ent paper. 

Ace oF Insects.—Life history in rela- 
tion to control.—In southern United States 
two broods of the plum curculio are pro- 
duced annually, while in the north only a 


single brood occurs. The approximate 
range of the single and multi-brooded 
strains has been shown by Chapman 
(1938). The occurrence of the two strains 
accounts for differences in control pro- 
grams required in the areas occupied by 
each. In both areas control measures are 
directed against overwintering adults as 
they invade host trees following emergence 
from hibernation. In the southern area, 
however, control measures are also 
directed against first brood adults to pre- 
vent oviposition that would give rise to 
the second brood. Control measures are 
not required against these new adults in 
the north since oviposition does not take 
place and only slight injury results from 
their feeding activity during late summer 
and fall. In the present study, three age- 
behavior classes of test insects were es- 
tablished: (1) spring adults, (2) multi- 
brooded summer adults, and (3) single- 
brooded summer adults. 

Test insects.—Spring adults.—Test in- 
sects of this class were collected by jarring 
from an unsprayed orchard. Five sam- 


‘ Journal Paper No. 964, New York State Agricultural Experi- 
ment Station, Geneva, N. Y., March 3], 1954. 
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Fig. 1.—Showing structural characters of the hind 
tibia of male and female plum curculio. 


plings were made at approximately 10- 
day intervals beginning at bloom when 
adults first appeared. The second, third 
and fourth collections were made to coin- 
cide with the timing of sprays being ap- 
plied in the field. These sprays, designated 
calyx, curculio, and first cover, constitute 
the normal control program for the over- 
wintering brood. The last collection coin- 
cided with the second cover spray which 
under usual orchard practice is too late 
to contribute to curculio control, the pest 
presumably having been controlled by 
earlier sprays or declining of natural 
causes. 

Multi-brooded summer adults.—As this 
strain is not available from the field lo- 
‘ally, laboratory-reared progeny of beetles 
collected from the southern area were 
used. These insects oviposited readily 
under laboratory conditions and other- 
wise appeared to meet requirements of 
this class. Two age groups were used and 
are referred to as laboratory insects. The 
first group consisted of newly emerged 
pairs. These were used to determine 
whether the pre-oviposition period could 
be completed before the toxicant proved 
fatal. The second was composed of 4- 
week-old females which were near the 
peak of their feeding and oviposition 
activity. 

Single-brooded summer adults.—Test 
insects of this class were reared from in- 
fested fruits collected locally and held in 
outdoor emergence cages. This method of 
collection excluded overwintering adults 
which were still present in the field when 
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the new brood appeared. One group from 
this class was used. These were 2 weeks 
old. Additional age groups were not used 
since oviposition is not a factor here and 
the feeding rate of this class changes rela- 
tively little with age. 

Methods.—It has long been suspected 
that the effectiveness of lead arsenate 
against the plum curculio was due in part 
to repellency as well as to the toxic effect 
of ingested insecticide. Evidence on this 
point has been difficult to obtain under 
field conditions. In comparing the suscep- 
tibility of the various classes, an effort has 
been made to distinguish between the 
direct toxic action of the insecticide and 
the indirect effect which might be caused 
by the presence of residue on the fruit. 
Comparisons were based on the response 
of 25 females from each group to a stand- 
ard treatment. Larger numbers of test 
insects would have been desirable, but 
this was not feasible considering the time- 
consuming effort required to complete 
daily observations. Sex determinatons 
were based on the secondary sex char- 
acters suggested by Garman & Zappe 
(1929). These are illustrated in figure 1. 
Green thinning apples approximately 1 
inch in diameter were used for food. Fruits 
were sprayed on a turntable to the point 
of runoff using a DeVilbis spray gun oper- 
ated at 20 pounds pressure. Lead arsenate 
was used at the rate of 2 pounds per 100 
gallons of water. Test insects were con- 
fined individually under inverted jelly 
glasses supported on a screen base. A 
treated fruit was exposed to each insect 
for a 24-hour period, then removed and 
examined with the aid of a_ binocular 
microscope for the presence of feeding 
punctures and eggs. Thus, a daily record 
of feeding and oviposition was maintained 
for the period of survival of each individ- 
ual. From these data five criteria were 
established as indexes to response of test 
insects to treatment. These were as fol- 
lows: 

1. Injury produced before death. Consideration 
was given here to the variations in injury through 
feeding and oviposition by individuals, and total 
injury by each group. 

2. Rate of feeding. The total feeding cited above 
provides a broad measure of the residue ingested 
by individuals, assuming the toxicant to be ingested 
chiefly through feeding. The rate at which residue 
is ingested is also of significance in attempting to de- 
termine susceptibility. Consideration was not given 
to the normal rate of feeding on untreated fruits. 
Although such data would be useful, it was felt that 
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Table 1.—The average number of feeding punctures and eggs produced by test insects before 
death. 








Insgury Berore Death, 


AVERAGE PER FEMALE 


RANGE STANDARD DEVIATION 





Group Feeding Eggs 


Feeding Eggs Feeding Eggs 





Bloom 

Calyx 

Curculio 

Ist cover 

2nd cover 
Newly emerged 
4 weeks 

2 weeks 


Spring 
Spring 
Spring 
Spring 
Spring 
Laboratory 
Laboratory 
Summer 


Chom 
SSBSSEu 
Or We tO 0D CO 


— 


0-69 
0-240 
0-238 
0-122 
0-82 
18-124 
20-241 
0-225 


14. 
52. 
67. 
44. 
24. 
30. 
52. 
58. 


0-18 
0-52 
0-39 
0-17 


2-40 


_— 


Je, scrs| 


io2) 





feeding on untreated fruits prior to exposure to 
residue might alter the response of the test insects. 

3. Percentage of insects feeding each day. This 
heading is suggestive of the degree of repellency of 
the residue or of the ability of test insects to avoid 
feeding on residue. 

t. Percentage of insects dying without feeding. 
This category was established in considering the 
possibility of mortality due to causes other than the 
toxic action of ingested residue. 

5. Rate of mortality. This may be the only meas- 
urement used in some toxicological investigations. 
While not being the prime consideration in this 
study, it proved a useful supplement to records on 
behavior and injury before death. 


Space does not permit reporting all 
data obtained under each category. In 
some cases only the first 10 days of the 
test period are reported, but these data 
are sufficient to indicate trends. 

Results.—The data on injury produced 
before death are given in table 1. The 
spring females caused least feeding injury. 
Within this class, wide variations occurred 
between the various groups. Injury in- 
creased progressively from the bloom to 
the curculio collection, after which it de- 
clined. Oviposition was roughly propor- 
tionate to feeding. In only the earliest 
collection was the residue effective in pre- 
venting oviposition. 

The older females of the laboratory or 
multi-brooded class caused more feeding 
injury than the newly emerged females. 
Oviposition did not occur among newly 
emerged females. 

The summer field females caused the 
greatest feeding injury. Among all groups, 
individual variations were great; however, 
the widest variations occurred among 
spring adults. 

A portion of the data summarized in 
table 1 is plotted in figure 2. These curves 
indicate the periods when greatest injury 
occurred, and the rate of decline caused 


by mortality and indirect effects of the 
insecticide residue. The decline in ovi- 
position was sharper and more immediate 
than the decline in feeding. The response 
of all ovipositing groups was roughly com- 
parable. Least decline in feeding occurred 
among non-ovipositing females. 

The average daily rate of feeding by 
survivors of each group is shown in table 
2. Among all groups the rate of feeding 
did not diminish upon continued expo- 
sure. Within the spring adult class, the 
first and last collections had the lowest 
feeding rate with intermediate collections 
being roughly comparable to each other. 
Newly emerged females had a lower rate 
than the older females of the laboratory 
class. Summer adults had the lowest rate 
of any group tested. Within each class, 
the lowest feeding rate was among non- 
ovipositing groups. 

The number of survivors and the per 
cent feeding each day are shown in table 3. 
In most cases, the per cent feeding in- 
creased after several days of exposure. 
The percentage was lowest for spring 
adults of the bloom collection and sum- 
mer adults. Among the other groups, dif- 
ferences were not apparent. 

The percentage of insects dying without 
feeding is shown in table 4. In all groups 
of spring adults some individuals died 
without feeding. The number in this cate- 
gory was highest in the first collection, 
declining thereafter and increasing again 
in the last collection. No insects of the 
other two classes fell into this category. 

The time-mortality curves for each 
class are shown in figure 3. Wide varia- 
tions occurred among the three classes, 
spring adults being most susceptible. 
Within this class, the steepest slope oc- 
curred in the first and last collections. 
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Fic. 2.—Showing the total number of feeding punctures and eggs produced 
each day by groups of test insects. 


Considerable drift is seen in the upper por- 
tion of the three intermediate curves. In 
fact, the differences in the first half of the 
curve are not striking in any case. The 
curves representing the two groups of 
laboratory females were roughly compar- 
able. The LD 50 values taken from these 
curves are given in table 5. 

These values are of limited use as an 
index to injury but provide a useful refer- 
ence in indicating susceptibility to the 
toxicant. The desirability of using larger 


numbers of test insects in establishing 
these values is obvious. 

Discussion.—It has been shown that 
susceptibility of the plum curculio varied 
between the three classes tested. The 
spring adults were clearly the most sus- 
ceptible, followed by laboratory and sum- 
mer adults. The response of the various 
classes differed in one or more character- 
istics. 

The spring adults showed a seasonal 
change in susceptibility. In all groups rep- 


Table 2.—The average daily rate of feeding by survivors expressed as feeding punctures. 
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Fic. 3.—Showing time-mortality curves for the groups tested. 


resenting this class, some mortality oc- 
curred among individuals which did not 
feed. Non-feeding mortality was highest 
in the bloom collection (56 per cent), de- 
creasing thereafter and rising again in the 
last collection. Such mortality might be 
due to the toxic action of residue accident- 


ally ingested or to dehydration resulting 
from their refusal to feed on treated fruits. 
Dehydration} seems, the more plausible 
explanation of the two possibilities. This 
is indicated by the speed of kill which was 
faster than usually results from the toxic 
action of lead arsenate. These insects, 


Table 3.—Number of survivors and per cent feeding each day. 
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Table 4.—The per cent of test insects dying 
without feeding. 








Per Cent 
DyINnG 
Witnout 
Cass Group FEEDING 





Spring Bloom 56 
Spring Calyx 12 
Spring Curculio 12 
Spring Ist cover 16 
Spring 2nd cover 28 


Laboratory Newly emerged 0 
Laboratory 4 weeks 0 


Summer, field 2 weeks 0 





presumably in low vigor immediately fol- 
lowing emergence from hiberation, were 
apparently unable to survive the period of 
starvation induced by the repellent action 
of the residue. Mortality among non- 
feeding individuals was less in later spring 
collections. This fact suggests that having 
had a longer period of feeding in the field 
before exposure to the toxicant, these in- 
sects could undergo a delay in feeding 
without fatal results. When feeding was 
later resumed, the toxic action of the in- 
gested residue in time accounted for their 
death. 

By contrast, no individuals of the labo- 
ratory and field classes died without feed- 
ing. The presence of residue proved repel- 
lent in some cases, as indicated by the 
percentage of insects feeding. However, 
the delay in feeding was not associated 
with immediate mortality as was true of 
spring adults. It appears from these re- 
sults that some mortality among spring 
adults was due to the indirect effect of the 
residue rather than to its inherent toxicity 
when ingested. The increased susceptibil- 
ity of the last collection might be associ- 
ated with senility. Under natural condi- 
tions considerable mortality occurs after 
their peak of activity and the survivors 
are relatively inactive. That this might be 
the case is suggested by the low feeding 
rate shown for the last collection. 

The susceptibility and response of the 
three intermediate groups were roughly 
comparable, although variations occurred 
in the amount of injury produced. These 
groups were characterized by the highest 
rate of feeding of any group tested. This 
fact might account for their acquiring 
lethal quantities of residue in a shorter 
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period than the other two classes. How- 
ever, the difference shown in rate of feec- 
ing hardly seems sufficient to account for 
the marked difference in susceptibility 
between these insects and ovipositing lal- 
oratory females. It seems likely that the 
overwintering brood is more susceptible 
due to the physiological changes resulting 
from hibernation. It is known that mortal- 
ity among overwintering adults is high 
and the vigor of those surviving hiberna- 
tion is apparently impaired. The nature 
of the physiological change which might 
be involved is not apparent from these 
studies. 

The feeding rate of newly emerged lab- 
oratory females was low, approaching 
that of summer adults. Oviposition did 
not occur among these females, although 
65 per cent of the individuals survived be- 
yond the average pre-oviposition period 
required for untreated females. This pe- 
riod has been established in other studies 
as 13 days. The sub-normal feeding rate 
or the toxic effect of ingested residue pro- 
longed the pre-oviposition period and 
death occurred before its completion. A 
similar effect occurred in the earliest col- 
lection of spring adults. The fact that the 
residue was effective in preventing ovi- 
position despite extended feeding is of 
practical significance. 

Summer females were characterized by 
a lower rate and less frequent feeding than 
other groups. Although their rate of feed- 
ing was low, total injury was high due to 
their extended period of survival. The low 
rate of feeding apparently enabled the 
insects to obtain sufficient food for a time 
while remaining below the lethal concen- 
tration of toxicant. The low rate of feeding 
seems indicative of a low metabolic rate. 


Table 5.—The LD 50 values for the groups 
tested. 
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Table 6.—The infiuence of moisture on effectiveness of lead arsenate 
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52 26 5 ; 41.3 
12 72 67.0 
36 57 

+ 92 
68 28 
16 68 





Other tests have shown this class to have a 
low rate of feeding on untreated fruits 
also. 

No generality applying to all classes 
seems Justified regarding the relationship 
between rate and extent of feeding and 
subsequent mortality. High feeding rate 
was associated with low LD 50 values 
among spring adults. Among laboratory 
females the opposite was true. The sum- 
mer females having the lowest feeding 
rate of all had the highest LD 50 value. 
The various classes tested apparently 
represented different physiological condi- 
tions which accounted for the variations 
observed. 

The wide range of susceptibility within 
each group is noteworthy. This might be 
due to differences in sensitivity to in- 
gested residue or to feeding habits which 
avoid ingestion of lethal quantities. In this 
connection it was observed that among all 
groups the individuals feeding most fre- 
quently and at the highest rate usually 
survived the longest. This point is of in- 
terest due to its possible bearing on the 
nature of resistance to insecticides. Some 
investigators are of the opinion that this 
species is becoming resistant to lead arse- 
nate. Circumstantial evidence cited by 
them seems to support this contention. In 
these studies the period of survival by 
individuals on treated fruit was found to 
vary from 1 to 63 days. The factors ac- 
counting for these differences are deserv- 
ing of further consideration. 

SurFAcE Morsture.—In attempting to 
account for variations in the effectiveness 
of lead arsenate in plum curculio control, 
consideration is given to the manner in 
which the toxicant gains entry to the 
digestive tract. There appear to be three 
possibilities. The most obvious one is by 
the eating of sprayed portions of fruit. 
Another is by accidentally ingesting par- 


ticles of toxicant adhering to the mouth 
parts incident to the insect’s moving over 
the sprayed surface or in grooming its 
appendages. Still another is by imbibing 
surface mositure such as dew and rain 
which is contaminated with suspensions 
of the toxicant. Among these possibilities, 
the greatest variability would be expected 
in the last, as seasonal fluctuations in the 
occurrence of dew and rain may be great. 
This report covers laboratory investiga- 
tions on the influence of surface moisture 
on the effectiveness of lead arsenate. 

Methods.—The handling of test insects 
and treating of fruits were conducted in 
the manner described earlier. All test in- 
sect were field-collected. Moisture was 
provided through condensation which was 
induced when chilled fruits were brought 
to 80° F. and 80 per cent relative humid- 
itv. The film of moisture which formed 
under these conditions remained for ap- 
proximately an hour before drying. Chilled 
fruits were provided once daily. Thus, 
for a short time each day test insects had 
access to a film of mositure which had 
formed on spray residue. This situation is 
believed to simulate reasonably accu- 
rately the occurrence in the field of dew on 
fruit and foliage. Dosage levels of 2, 4 and 
6 pounds per 100 gallons of water were 
used. 

Results —The results of these tests are 
summarized in table 6. Comparisons be- 
tween various dosages are not entirely 
comparable as test insects used at differ- 
ent dosages were not collected at the 
same time. As shown in the preceding sec- 
tion, this difference would be expected to 
influence the extent of injury before 
death. In all cases, LD 50 values at a 
given dosage were lower on wet residue. 
The number of insects dying without feed- 
ing provides some information on the 
manner in which the toxicant was ac- 
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quired, i.e., by feeding or imbibing. This 
category was highest on wet residue. 

The degree of repellency is roughly indi- 
‘ated by the number of insects feeding 
during the first day of the test. On un- 
treated fruits virtually all test insects 
would be expected to feed during this 
period. While all treatments resulted in 
sub-normal feeding, the greatest reduc- 
tion occurred on wet residue. 

The extent of feeding was not directly 
correlated with LD 50 values. Insects on 
dry residue fed more extensively but 
lived longer than those on wet residue. In 
general, oviposition was proportionate to 
feeding, being less on wet residue. An un- 
accountable exception occurred at the 4- 
pound dosage where oviposition was low 
in both wet and dry treatments. 

Discussion.—It has been shown in the 
foregoing that the effectiveness of lead 
arsenate residue at a given dosage is 
greater in the presense of surface mois- 
ture. The fullest interpretation of this fact 
requires consideration of the influence of 
lead arsenate residue on the behavior of 
the pest. The immediate response of 
insects confronted with spray residue is a 
reduction in feeding. The extent of this 
reduction varies. In some cases feeding is 
never resumed. In othes, limited feeding 
occurs each day until death. The endur- 
ance of the insect in avoiding feeding is 
limited. Continued avoidance would, of 
course, lead to death from dehydration or 
starvation. Dehydration appears to be 
the more immediate threat as insects can 
live for an extended period on water alone, 
while death occurs in a matter of a few 
days when both food and water are with- 
held. While the presence of residue on the 
fruit has a retarding effect upon feeding, 
the insects will readily imbibe moisture 
contaminated with the insecticide. In 
fact, the reduction in feeding in response 
to the presence of residue likely increases 
the intake of water through drinking as 
the food normally ingested supplies some 
of the moisture required. If feeding was 
the sole manner of obtaining toxicant, 
more rapid mortality would be expected 
among those feeding most extensively. 
This was not the case. Apparently the in- 
sects chose to meet their moisture require- 
ments largely by imbibing surface mois- 
ture rather than by feeding. In so doing, 
lethal quantities of toxicant were obtained 
and with less injury to the fruit. 
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The role of moisture in relation to the 
effectiveness of lead arsenate has been 
demonstrated here, but its influence unde: 
field conditions has not been established. 
Surface moisture might occur in the field 
as dew or rain. The frequency of both 
varies seasonally and locally within the 
range of the species. While dew would be 
expected to increase effectiveness, rainfall 
might have an opposite effect through re- 
moval of residue and dilution in concen- 
tration of toxicant. Further studies in- 
cluding records on occurrence of dew and 
rain will be required to establish the prac- 
tical significance of these findings. 

The factor of temperature in relation 
to the presence of dew and activity of in- 
sects should also be considered. Field 
temperatures are generally lowest during 
the hours dew is present, but they are 
generally above the threshold of activity 
of the species for at least a part of this 
time. The insects are sufficiently active to 
imbibe moisture at 55° to 60° F., although 
feeding activity at these temperatures is 
sharply reduced. 

While the role of moisture in relation 
to mortality has been stressed, it is not 
implied that moisture other than that sup- 
plied by food is required for normal activ- 
ity of insects on untreated fruits. That 
surface moisture is not essential has been 
established by other laboratory tests. 
However, the variable occurrence of sur- 
face moisture in the field and the habit of 
the species of imbibing moisture appear to 
make it a factor in the effectiveness of 
lead arsenate. 

SumMaAryY.—The influence of age of in- 
sects and presence of surface moisture on 
the susceptibility of the plum curculio to 
lead arsenate were investigated. The re- 
sponse of various age groups to standard 
laboratory treatment was determined. Five 
criteria were established as indexes to re- 
sponse of test insects. Susceptibility was 
highest among adults of the overwintering 
brood (spring adults). Some individuals 
of this class died without feeding, appar- 
ently due to dehydration resulting from 
the repellent action of the residue. The 
susceptibility of spring adults was highest 
early in the season, decreasing thereafter 
for several weeks and rising again late in 
the season. The early susceptibility is 
believed to be associated with low vigor 
immediately following emergence from 
hibernation. Increased susceptibility later 
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in the season is believed to be associated 
wi hi senility. 

“he response of single- (northern strain) 
and multi-brooded (southern strain) sum- 
mer adults was compared. The single- 
brooded females had the highest LD 50 
values and caused more feeding injury. 
The relationship between rate and extent 
of feeding and mortality was considered. 

The effectiveness of lead arsenate at 
three dosage levels was highest where test 
insects had access to surface moisture. 
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The number of insects feeding and the ex- 
tent of feeding were greater on dry re- 
sidue. Oviposition was likewise less on wet 
residue, being roughly proportionate to 
feeding. These differences were apparently 
due to the ingestion of toxicant taken with 
surface moisture. The effect of spray re- 
sidue on behavior of the insects was con- 
sidered. It is believed that the factors con- 
sidered here account for some seasonal 
variations in the effectiveness of lead arse- 
nate under field conditions. 
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Trapping Hornworm Moths 


C.F. 


The possibility of developing a trap to 
aid in the control of hornworms on tobac- 
co by capturing the moths has been under 
consideration for many years. Various 
types of traps have been built and tested 
at field laboratories of the former Bureau 
of Entomology and Plant Quarantine at 
Clarksville, Tenn., Quincy, Fla., Oxford, 
N. C., and Florence, S. C. Some of them 
captured large numbers of adults of the 
hornworm,  Protoparce sexta 
(Johan.), and the tomato hornworm, P. 
quinquemaculata (Haw.). 

Bait traps (Fig. 1) were constructed of 
screen wire and varied mainly in size and 
in the openings provided for the entrance 
of the moths. Tin containers in the traps 
were fitted with small tin funnels. When 
painted white the latter resembled the 
flowers of jimsonweed, which are much 
favored by hornworm moths as food. The 
odor of jumsonweed flowers was simulated 
by isoamyl salicylate, disseminated by 
wicks in glass vials or by plaster of paris 
disks saturated with the chemical. Thus 
the traps were designed to offer both ol- 
factory and visual attraction to the 
moths. These traps have been operated at 
Oxford since 1943. 

Since 1949 considerable attention has 
been devoted to testing electric-light traps 
developed by engineers in the former U 


tobacco 
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S. Bureau of Plant Industry, Soils, and 
Agricultural Engineering. In the most 
efficient ones a black-light bulb of 3600 
angstrom units was used to attract the 
moths. In the earliest light traps (Fig. 2) 
an electric grid mounted above a trough- 
shaped funnel was used, both charged and 
uncharged with electricity. The moths, 
flving to the light, struck the gird and 
fell through the funnel into a screen con- 
tainer. The uncharged grid was found to 
be as effective in capturing the moths as 
the charged one, and it was more prac- 
tical. A similar light trap was equipped 
with a baffle painted with a fluorescent 
green paint, instead of the grid, and a 
mesh bag for the collection of the moths 
(Fig. 3). These traps captured large num- 
bers of hornworm moths during the sum- 
mers of 1949-53, and records have been 
kept on their performances. 

A conspicuous feature of the trap re- 
cords for the five seasons was the low per- 
centages of tobacco hornworm females 
taken in the collections at Oxford (Fig. 
4), averaging 21 per cent in the light traps 
and 38 per cent in the bait traps, as com- 
pared with 50 and 44 per cent in respec- 
tive collections of the tomato hornworm. 

1 In cooperation with the North Carolina Agricultural Experi- 


ment Station and the former Bureau of Plant Industry, Soils, 
ind Agricultural Engineering. 








Fig. 1—A bait trap used to collect hornworm moths. 
Two vials of isoamy] salicylate are placed between 
two sets of white funnels simulating jimsonweed 
flowers. Captured moths are inside the trap. 


The sex ratios of hornworm moths 
taken in bait traps are further illustrated 
by the captures made at Clarksville, Ox- 
ford, Florence, and Quincy from 1941 
through 1951. Of 48,866 tobacco horn- 


Be 
Res 





Fic. 2.—Light trap with grid used to collect moths 
at Oxford, N. C. 
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worm moths and 25,256 tomato hornworm 
moths caught in these traps, 47 and 46 
per cent were females. 

All information available indicates 
that the males and females of both species 
of hornworm moths occur in nearly equal 
numbers in the field. Madden & Cham- 
berlin (1945) cited records of tobacco 
hornworm moths emerging from pupation 
cages at Quincy during the summers of 
1936-40 in support of this conclusion; of 
2,467 moths collected, 48 per cent were 
females. Records of 1,955 tobacco horn- 
worm moths emerging from hibernation 
cages during the same period at Oxford 
showed that 50 per cent were females. 
Gilmore (1939) reported that records of 
emergence from hibernation cages as well 
as collections in bait traps showed the 
sexes to be practically equal in number. 

Since the sexes of both species of horn- 
worm moths normally occur in approxi- 
mately equal numbers, some explanation 
is necessary for the inequality of the sexes 
in the trap collections, particularly in the 
light traps. The tobacco hornworm males 
outnumber the females taken in the bait 
traps, but to a lesser degree than in the 
light traps. In the bait traps the attraction 
is a food stimulus, which should not be 





Fic. 3.—Light trap with baffle and mesh bag used 
to collect hornworm moths. 
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Figure 4,--Percentages of females among hornworm moths captured in traps. 
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Fic. 4.—Percentages of females among hornworm moths captured in traps. Oxford, N. C. 


any greater for the male than for the fe- 
male. The most logical reason for this in- 
equality is the difference in their activi- 
ties. The moths of both species become ac- 
tive at dusk, and their first impulse is to 
feed. Soon aiter feeding the females start 
ovipositing. No reliable records are avail- 
able to indicate how long they are en- 
gaged in laying eggs or what they do after 
they stop laying for the night. Madden & 
Chamberlin (1945) report that in western 
Florida practically all oviposition in cages 
takes place before 9 p.m., and that there 
are two periods of activity, from 7:30 to 
9:00 p.m. and from 4:30 to 5:30 a.m. Ob- 
servations by Gilmore (1939) in north- 
western Tennessee and by the writer at 
Oxford confirm this. We therefore con- 
clude that the female activities give them 
more opportunity to be attracted to the 
bait traps. The activities of the males, 
which include feeding and the fertilization 
of the females, would necessitate their 
covering more territory, and thus provide 
more opportunity for them to come with- 
in the zone of attraction of the lights. 

The known reactions of the adults of 
the tomato hornworm confirm this hypo- 
thesis. They often outnumbered the to- 
bacco hornworm moths in both light- and 
bait-trap collections at Oxford, but fewer 
eggs or larvae of the former species were 
found on tobacco or other host plants at 
Oxford and elsewhere in the South. Since 


there was no unusual mortality of the 
eggs or larvae, we may assume that only 
a few eggs of this species are deposited in 
the South. Females not engaged in laying 
eggs would probably be traveling about 
and thus come within the zone of influence 
of the traps as frequently as would the 
males. 

In 1942 Scott & Milam (1943) con- 
ducted large-scale field experiments in 
Tennessee, in which they placed 24 bait 
traps in each of 3 areas of 1 square mile. A 
total of 10,895 hornworm moths of both 
species were captured, of which approxi- 
mately 55 per cent were females. The 
authors concluded that hornworm infesta- 
tions on tobacco can be slightly reduced 
by the use of bait traps, but there was no 
evidence that these traps will provide 
satisfactory protection when the moths 
are more than moderately abundant. 

In 1951 a study was made to determine 
the effectiveness of the black-light traps 
at Oxford in reducing the numbers of 
hornworm larvae. Fifty tobacco plants 
were examined at random in each of 5 
tobacco fields at or near the light traps, 
and in each of 10 fields at least 5 miles 
from the traps. On an average 1.2 and 1.4 
hornworm larvae were found per plant in 
the 2 groups of fields. In each of the 15 
fields 300 plants were examined for evi- 
dence of hornworm feeding. In the fields 
at or near the light traps 75 per cent of 
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the plants showed injury due to hornworm 
feeding as compared with 74 per cent in 
the fields at a distance from the light 
traps. There was no appreciable difference 
between the two groups of fields, either in 
the numbers of hornworm larvae or in the 
percentages of plants fed upon by these 
insects. No attempts had been made to 
control hornworms in any of these fields. 

The tobacco hornworm is the most im- 
portant pest of tobacco in much of the 
southern tobacco-producing region. In 
considering the value of the types of 
electric-light traps available as a possible 
means of controlling hornworms, one 
should not overlook the small proportion 
of female moths captured in these traps. 

SUMMARY.-——-Studies have been made on 
the value of various types of traps as 
possible aids in the control of hornworms 


JOURNAL OF Economic ENTOMOLOGY 





LITERATURE CIrep 






on tobacco, based on data obtained at four 
widely separated locations in the South. 
Large numbers of the tobacco hornworn 
moth, Protoparce sexta (Johan.), and the 
tomato hornworm moth, P. quinquema- 
culata (Haw.), were captured in bait traps 
and in electric-light traps. However, of 
the tobacco hornworm moths caught in 
the light traps, only about one-fourth 
were females although the sexes occur in 
nearly equal numbers in the field. It ap- 
pears, therefore, that most of the females 
of the most important hornworm pest of 
tobacco are not caught in the electric- 
light traps. 

Field studies indicated that the use of 
either bait or light traps had little effect 
on the abundance of and damage caused 
by hornworm larvae on tobacco at or near 
the traps. 
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The Effect of Humidity and other Factors on the Upper 
Thermal Death Points of the Chinch Bug!” 






F. E. Gutrurte’ and G. C. Decker, Tllinois Natural History Survey and Illinois 


The ecology of insects is necessarily re- 
lated to their physiology. In general the 
upper thermal boundary of an insect’s en- 
vironment is well defined, and few insects 
can survive long exposure periods at a 
temperature above 45° C.‘ Frequently, 
however, certain insects living under ap- 
parently normal field conditions survive 
at temperatures in excess of those con- 
sidered to be lethal on the basis of data 
obtained in the laboratory. Although 
physical cooling is known to occur in in- 
sects, no one has attempted to determine 
to what extent cooling might actually 
affect insect survival. Insects exposed to 
only moderately high temperatures in a 
dry atmosphere are often killed by desic- 
cation rather than by the direct effect of 
high temperature. If such insects were 
provided with a continuous moisture 
supply, it seems possible that their sur- 
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vival period could be greatly extended. 
This paper reports the findings obtained 
through a physiological study of the 
chinch bug, Blissus leucopterus (Say), con- 
ducted to determine the effect of humidity 
on the upper thermal death points and the 
effect of feeding during exposure to high 
lethal temperatures. 

The literature dealing with the effects of 
temperatures and humidity on insects has 
been well summarized by Uvarov (1931) 
and Wigglesworth (1950). Cooling in in- 
sects was first conclusively demonstrated 
by Necheles (1924) on a species of cock- 


1 The data presented are from a thesis submitted by the senior 
author to the Graduate College of the University of Illinois in 
partial fulfillment of the requirements for the Ph.D. degree in 
Entomology. 

2 Presented at the meetings of the Entomological Society of 
America at Philadelphia, Pa., Dec. 15-18, 1952. 

Present address: North Carolina State College, Raleigh. . 

‘All temperatures are expressed as °C. unless otherwise 


specified. 
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roach. He showed that there was a 5° dif- 
ference between the body and air temper- 
ature at 40° provided the air was dry. 
Koidsumi (1935) showed that this was a 
physical and not a physiological phenom- 
enon. He found that cyanide-killed in- 
sects subjected to thermocouple studies 
al high temperatures had a slightly lower 
body temperature than similarly treated 
living insects. Mellanby (1932) postulated 
that size is important in cooling. He 
theorized that heat taken in by the body 
is proportional to the surface area and 
that evaporation is proportional to the 
volume. Therefore a small animal is under 
great disadvantage in cooling itself be- 
cause its water supply soon becomes ex- 
hausted. He reported that relative humid- 
ity has no effect on the thermal death 
points of smaller insects providing the 
length of exposure is not greater than 1 
hour. Roan (1952) presented data showing 
that survival in the oriental fruit fly is 
favored by dry conditions at tempera- 
tures above 43° but by moist conditions 
below 43°. He presented thermocouple 
measurements indicating that the fruit 
fly is capable of cooling itself at high tem- 
peratures and low humidity. 

Water loss in insects may occur by 
several mechanisms, but Mellanby (1934) 
showed that the main loss is through the 
respiratory system. Beament (1945) has 
proved that water loss is greatly ac- 
celerated when insects are subjected to 
temperatures above the melting points 
of the waxes of the epicuticle. The loss 
of water is proportional to the saturation 
deficiency with certain exceptions (Bacot 
& Martin 1924). 

The ecology of the chinch bug is well 
known, and an excellent account of its life 
history and control was given by Metcalf 
et al., (1951). Outbreaks of this insect are 
somewhat sporadic and usually occur in 
successive hot, dry years and in fields 
where wheat and corn are grown close to- 
gether. During migration ‘“‘on foot” from 
small grain to corn, the bugs largely con- 
fine their movement to the cooler hours, 
especially avoiding the hottest part of the 
day. Headlee & McColloch (1913) ob- 
served that chinch bugs were unable to 
withstand the midday heat in a dusty fur- 
row and that bugs which were knocked off 
plants soon perished at soil temperatures 
of about 55°. Decker & Andre (1936) de- 
termined the lower thermal limits of 
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chinch bugs and found that temperatures 
below —5° F. were necessary to produce 
death. If the bugs hibernate in well- 
insulated cover, such as is provided by 
snow-covered native grasses, they can 
withstand very severe winter tempera- 
tures. In 1937 Decker and Andre® came to 
the conclusion that at low humidities 
death was largely attributable to desicca- 
tion rather than excessive heat. Later, in 
1940, Decker’ observed that longevity 
could be greatly increased by feeding corn 
to bugs during exposure to low humidities 
at high temperatures. 

MATERIALS AND MertHops.—Overwin- 
tering chinch bugs were collected from 
their winter hibernating quarters in 
clumps of grass, Sporobolus asper 
(Michx.) Kunth. As bugs were needed 
for testing, clumps of grass were brought 
indoors, and the insects were allowed to 
emerge from hibernation. The bugs thus 
collected were provided with water- 
soaked dental wick for 24 hours before 
testing. Bugs were aspirated into clean 
test tubes and transferred to exposure 
cages or weighing bottles as needed. 

The tests were conducted in culture 
tubes which contained appropriate satur- 
ated salt solutions to maintain the desired 
relative humidity and which were im- 
mersed in a thermostatically-controlled 
water bath. The culture tubes were al- 
lowed 4 hours to reach equilibrium with the 
temperature of the water bath before 
tests were made. Insects were introduced 
through a glass tube into a cylindrical wire 
cage suspended in the culture tube (Fig. 
1). The test insects were transferred from 
test tubes to exposure cages in less than 
10 seconds. Insects were exposed at time 
intervals ranging from 30 seconds to 120 
hours depending on the conditions of in- 
dividual tests. After the exposure period, 
the treated insects were provided with 
water and held for 48 hours at standard 
laboratory conditions. Twenty-five bugs 
were used for each test, and tests were rep- 
licated four times. 

Insects were either starved during ex- 
posure or provided with basal nodes of 
stunted corn, the cut ends of which had 
been dipped into embedding wax to pre- 
vent evaporation of water. In the feeding 
experiments the cages were removed and 
chinch bugs were allowed 1 hour to be- 


‘Unpublished data. 
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come established on corn before the ex 
posure cages were introduced into the 
previously conditioned culture tubes. At « 
temperature of 45.2°, the exposure cages 
were removed every 10 hours, dead bugs re- 
moved and counted, and fresh corn sec- 
tions provided before the cages were 
placed back in the culture tubes for an- 
other 10-hour period. At a temperature of 
48.8°, the corn sections were replaced at 
23-hour intervals. 

A study of moisture loss was made by 
determining the per cent of weight lost 
during exposure to various conditions of 
temperature both with and without feed- 
ing during exposure. Unfed bugs were ex- 
posed continuously, and the water loss 
determined without regard to mortality. 
In the feeding experiment the dead bugs 
were discarded after the moisture loss was 
determined for a particular exposure pe- 
riod, and the living bugs were reintro- 
duced for longer exposures. In another 
series of tests, the amount of water lost 
from unfed bugs at the time of death was 
determined by removing the dead bugs 
every 30 minutes, re-exposing the living 
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Fig. 2.—The effect of relative humidity on mortality of chinch bugs at 45.2° C. Solid 
lines, bugs not fed during exposure. Broken lines, bugs fed during exposure. 
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Fic. 3.—Time required to produce 50 per cent mortality of chinch bugs at the indicated temperature and 
relative humidity. Solid lines, bugs not fed during exposure. Broken lines, bugs fed during exposure. 


bugs, and repeating this process until all 
bugs were dead. The per cent of the total 
body water lost was determined by ex- 
posing the insects in a drying oven at 95° 
for 24 hours to obtain a dry weight. All 
calculations were determined from the orig- 
inal weight. 

Resutts.—-Effect of relative humidity on 
the upper thermal death points of unfed 
Chinch bugs were subjected to eight 
temperatures ranging from 41° to 55°. 
They were exposed at five relative humid- 
ities ranging from 10 to 92 per cent for 
each temperature tested. The data ob- 
tained from each of the eight temperature- 
humidity tests were plotted as time-mor- 
tality graphs on logarithmic probability 
paper. The results for one temperature, 
15.2°, are shown in figure 2. 

From these 8 graphs (illustrated by Fig. 
2) the time required to produce 50 per 
cent mortality was interpolated for the 
various conditions of temperature and 
humidity and shown graphically in Figure 
3. At temperatures below 50°, survival 
was favorable by high relative humidities. 
At temperatures above 50°, survival was 


bugs. 


favored by low relative humidities. 

Effect of feeding chinch bugs during ex- 
posure to high lethal temperatures.—Chinch 
bugs provided with corn during exposure 
were subjected to two temperatures and 
the five relative humidities. The results of 
tests at 45.2° are also shown in figure 2 by 
the broken line curves. The same general 
results were obtained at 48.8°. The time 
required to produce 50 per cent mortality 
at these two temperatures is shown in 
figure 3 by the broken lines. At these 
temperatures below 50°, survival was 
favored by low relative humidity, and 
longevity was greatly increased when food 
was supplied. 

Water loss studies.—The results of this 
test are given in table 1. The amount of 
water lost at death showed that at 45.2° 
death occurred when the chinch bug had 
lost about 32 per cent of its original eight, 
at least at the lower humidities. At 48.8° 
much more weight was lost at low than at 
high humidity. The per cent weight loss at 
oven-dryness (56 to 59 per cent) had a 
tendency to increase slightly as relative 
humidity increased. The amount of water 
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Table 1.—Per cent Moisture Loss from Chinch 
Bugs! after Various Intervals of Time at the Tem- 
perature and Humidity Indicated. 








Per Cent RELATIVE 


Frep Houmipiry 
TEMPERA- OR ExposuRE — wan 
TURE Unrep TIME 10 @ 55 %6 92 
$5.2°C, Unfed 30 minutes 9 9 
1 hour 19 14 9 — 
2 hours $4 27 18 7 6 
3 hours $5 38 2 13 
4 hours 35 @ — 
8 hours 40 6 
10 hours 42 8 
20 hours 15 
24 hours ~ 20 
at death? as «684 ~ Sl 3429 
48.8°C, Unfed 20 minutes 11 ll 9 8 9 
40 minutes 20 16 12 8 Ss 
60 minutes 28 24 18 12 8 
75 minutes 32 29 23 16 7 
90 minutes 37 33 2 17 10 
atdeath? 27 16 21 17 6 
50.2°C, Unfed 10minutes 11 10 8 7 5 
20 minutes 19 15 13 += 10 8 
30 minutes 22 20 16 10 7 
60 minutes 35 3 25 #1i 10 
45.2°C. Fed 20 hours 3 
30 hours 2 
40 hours +3 
50 hours 0 
60 hours 0 
70 hours +5 





1 Determined by loss in weight. : 
2 Moisture loss at death regardless of time. 


lost when chinch bugs were exposed to dif- 
ferent conditions of temperature and 
humidity for given periods of time indi- 
cate that desiccation might be a primary 
cause of death at 45.2°, but at 50.2° water 
loss was not great enough to account for 
death by desiccation. 

Discusston.—The data showed a re- 
versal in the effect of relative humidity 
as the temperature increased (Fig. 3). At 
about 50° there seemed to be a point of 
equilibrium where the factors causing 
death more quickly at high humidities on 
the one side of this equilibrium point 
balanced the factors causing death more 
quickly at low humidities on the other 
side; the per cent mortality remained con- 
stant regardless of the per cent of rela- 
tive humidity. Above the equilibrium 
point it would appear that the factors 
‘ausing death are partially nullified if the 
insect is capable of cooling itself for a 
short time. The effect of cooling without a 
source of water was of such short duration 
that it is questionable if it has great 
physiological significance, but it is appar- 
ent that access to plant sap or water 
would enable the chinch bug to survive a 
temporary exposure to conditions that 
would otherwise be lethal. 

Further evidence of the ability of 
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chinch bugs to cool themselves was found 
(data not included herein) when unfed 
bugs exposed at 49° were stupified more 
quickly at the higher humidities than at 
the lower humidities. 

Figure 2 shows that longevity can be 
greatly increased if chinch bugs (and pre- 
sumably other sucking insects) are pro- 
vided with a moisture source during expo- 
sure to high temperatures which would 
otherwise be lethal. At the low humidities 
longevity was increased 25 times by feed- 
ing during exposure but at high humidities 
only two times. One main factor in this 
greatly increased longevity at the lower 
humidities was the ability of the chinch 
bug to replace lost water during exposure 
to high temperatures. At a temperature 
where desiccation causing nearly 100 per 
cent mortality of unfed bugs would or- 
dinarily occur within 3 hours, this mortal- 
ity did not occur until 120 hours if food 
was supplied, and the per cent of body 
moisture remained fairly constant during 
exposure for at least 70 hours. It would 
appear that the reversal in the effect of 
relative humidity at 45.2°, depending on 
whether or not the insect was provided 
with food, must be ascribed to the ability 
of the insects with food to cool themselves 
at the low humidities but not at the high 
humidities. 

It is interesting to note that the curves 
of 50 per cent mortality for fed bugs at 
45.2° and 48.8° (Fig. 3), which are parallel, 
do not appear to be converging to an equi- 
librium point if extended and tend to merge 
with those for unfed bugs at temperatures 
above the 50° equilibrium point. At 45.2° 
and 48.8° and 92 per cent relative humid- 
ity, there was very little difference in 
mortality of unfed and fed bugs, indi- 
cating that desiccation was the main factor 
leading to death of unfed bugs below the 
equilibrium point at low humidities. It 
seems logical to assume that at tempera- 
tures of 60° or so, the curves (whether with 
fed or unfed bugs) would all converge to 
one point as death would be practically in- 
stantaneous. 

The effect of desiccation on death can 
be readily seen from studying table 1. 
At 45.2° it appeared that desiccation was 
one of the dominant factors in the cause of 
death, especially at the lower humidities. 
When the chinch bug lost about 32 per 
cent of its original weight (three-fourths 
of its body moisture) death occurred. It 
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seemed that at the lower humidities death 
was a function of desiccation almost ex- 
clusively, but at higher humidities other 
factors became increasingly more impor- 
tant as the cause of death. At 48.8° the 
bugs did not lose enough moisture to 
ascribe death completely to desiccation 
even at the lower humidities. As the equi- 
librium temperature was approached, 
where relative humidity had no effect on 
mortality, the cause of death appeared to 
be a combination of desiccation and other 
factors. 

It is evident that chinch bugs lose water 
very rapidly at high temperatures, sug- 
gesting that their ecological range would 
undoubtedly be greatly limited if they 
were not able to replenish their supply of 
moisture continuously. Dry weather fa- 
vors longevity if food is supplied during 
periods of high temperatures, and at tem- 
peratures over 50° dry conditions favor 
longevity whether or not food is supplied. 
The latter condition could conceivably 
exist during early summer migration to 
corn, although the additional survival 
period due to the effect of cooling would 
admittedly be rather short. 
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SumMMAry.—A study of the upper ther- 
mal death points of adult chinch bugs at 
eight temperatures and five relative 
humidities was made. It was shown that 
the effect of humidity on upper thermal 
mortality of unfed bugs was reversed as 
the temperature increased. At about 50° 
C. an equilibrium point was reached 
where mortality was the same regardless 
of relative humidity. At lower tempera- 
tures survival was favored by high humid- 
ities, and at higher temperatures survival 
was favored by low humidities. 

When chinch bugs were provided with 
food as a source of moisture the following 
was observed: longevity was increased by 
a factor of 2 at high humidity and by a 
factor of 25 at low humidity; survival was 
favored by low humidity; and there did 
not appear to be an equilibrium point. 
soth replacement of lost moisture and 
cooling appeared to be important factors 
in increased longevity with feeding. 

Desiccation became progressively less 
important as the cause of death as the 
humidity and temperature increased. 

Possible application of this study to the 


ecology of the chinch bug was suggested. 
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Recently five esters analogous to alle- 
thrin, and differing only in that the side 
chains of the ketoaleoholic components 
were aryl groups instead of the allyl 
group, have been synthesized and de- 
scribed in this laboratory (Chen & Barthel 
1953). A comparison of the toxicity to the 
house fly, Musca domestica L., of these 
esters with that of allethrin and pyre- 
thrins was undertaken. 

MareriAts.—For the sake of simplic- 
ity, the five esters will be designated as 
the phenyl, benzyl, o-methoxybenzyl, p- 
methoxybenzyl, and 3,4-methylenedioxy- 
benzyl analogs after the characteristic 
substituting group. Although each ester 
was prepared from synthetic chrysan- 
themumic acid, a mixture of dl-cis and 
trans isomers, and therefore is actually a 
a mixed ester it will be referred to as a 
single compound. 

Stock sprays were prepared by dissolv- 
ing the esters in refined kerosene and 
after preliminary tests four of them were 
diluted with the same solvent to form 
sprays at four or five concentrations 
selected to cause low to high mortalities. 
The p-methoxybenzyl analog, found to be 
of relatively low toxicity in the prelimi- 
nary tests, was tested subsequently only at 
the concentration of the stock solution. 

Two standards of comparison were 
used, pyrethrins and allethrin. In the 
sample of pyrethrins used in all com- 
parisons except one the content of pyre- 
thrin I and cinerin I as determined by the 
mercury-reduction method was 53 per 
cent. In the pyrethrins used in the other 
comparison, a sample from a different 
source, the content of these constituents 
was 52 per cent. The sample of allethrin 
analyzed 95 per cent by the hydrogenoly- 
sis method. Kerosene sprays at four con- 
centrations were made with each stand- 
ard. 

Procepure.—Knockdown and mortal- 
ity of laboratory-reared adult house flies 
caused by the prepared sprays were de- 
termined in replicated tests by the turn- 
table method. Approximately 95 flies, 
averaging 2 to 3 days in age, were used 
in each test. 
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Since the esters were not prepared at 
the same time and were tested immedi- 
ately after preparation, they were not! 
tested against the same populations of 
flies. However, to be able to put results 
with different populations on a compar- 
able basis, both standards were included 
in the tests with each population. 

To evaluate relative toxicity and deter- 
mine the precision of the estimates, the 
mortality data were subjected to probit 
analysis as descibed by Finney (1952). 

KNOCKDOWN AND Morvtaity REsULTs. 

~The knockdown and mortality data are 
summarized in table 1. Tests made against 
the same group of populations of flies are 
arranged in a separate series. 

All the analogs had high knockdown 
value. Knockdown in general appeared to 
parallel mortality; that is, the concen- 
trations required to cause high knock- 
down were those that were required to 
cause high mortality. The benzyl analog 
appeared to be a little superior to the 
phenyl analog from the standpoint of 
comparable concentrations as well as that 
of comparable mortality levels, but the 
apparent difference may be due to the 
difference between the two series in rela- 
tive resistance of the fly populations as 
shown by both allethrin and pyrethrins. 

EVALUATION OF RELATIVE TOXIciry. 
To evaluate relative toxicity in each series 
and put the relationships between the 
series on a quantitative basis, regression 
lines were fitted graphically to the data in 
table 1 and the equations for these pro- 
visional lines determined. The individual 
weighted regression equations were then 
computed. Generalization was not made 
even when permissible. It was apparent 
that some of the data could be fitted with 
parallel lines whereas some could not. In 
comparisons of allethrin with pyrethrins 
by this method it is usually demonstrable 
that the slope of the regression line for 
allethrin is a little higher than that for 
pyrethrins. Moreover, the concentrations 
of the sprays had been selected with suffi- 
cient care so that the mean concentra- 
tions, both arithmetic and weighted geo- 
metric, were not far removed from the 
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median lethal concentrations. Therefore, 
differing slopes would have little, if any, 
effect on ratios of toxicity based on the 
median lethal concentrations and also 
negligible allowance need be made in the 
error estimations for the sampling errors 
in the estimation of slope. To simplify 
tabulation of results in series 4 an equa- 
tion was derived for the p-methoxybenzy1 
analog based on a line parallel to allethrin 
and passing through the point deter- 
mined. The estimation of the relative toxic- 
ity of this ester at the 50 per cent mortal- 
ity level will then be precisely the same 
as that at the 33 per cent level when com- 
pared with allethrin and, since the slopes 
of allethrin and pyrethrins in this series 
do not differ greatly, practically the same 
when compared with pyrethrins. 

The final equations, showing the regres- 
sion of mortality, expressed in probits, on 
concentration in milligrams per deciliter, 
expressed as logarithms, are as follows: 
Series 1: 

Phenyl analog Y=4.420X —5.994 

Allethrin Y=3.027X—1.100 

Pyrethrins Y=2.8389X—2.001 
Series 2: 

Benzyl analog 

Allethrin 

Pyrethrins 
Series 3: 

o-Methoxybenzyl analog 

3, t-Methylenedioxybenzy l 
analog 

\llethrin 

Pyrethrins 
Series 4: 

p-Methoxybenzyl analog 

\llethrin 

Pyrethrins 


.887X —3.020 
.O14 


2.962X—1 
=2.370X —0.987 


404X — 2.498 


3.198X—5.171 
2.627X—0.148 
S40X+0.654 


=2.698X—4.884 
=2.698X —0.350 
3.070X —2. 468 


From these equations median lethal 
concentrations (LC-50’s) were estimated 
and relative toxicity calculated as the 
inverse ratio of LC-50’s, as given in table 2. 

Standard errors were also calculated, 
and it was found that for most of the re- 
gressions a heterogeneity factor was re- 
quired in the calculations of variances to 
allow for heterogeneity between popula- 
tions of flies. These factors and errors are 
also given in table 2. 

Despite some heterogeneity there was 
no marked effect of differences in relative 
resistance of the 24 populations of flies 
on the relative toxicity of allethrin and 
pyrethrins, for in the four comparisons 
allethrin was estimated as 2.5, 2.8, 2.8, 
and 3.1 as toxic as pyrethrins. Moreover, 
2.8 is very close to the general mean of all 


Gersporrr & Miriin: ARYL ANALOGS OF ALLETHRIN 


889 


Table 1.—Knockdown and mortality of house 
flies caused by aryl analogs of allethrin in kero- 
sene sprays in comparison with allethrin and 
pyrethrins. 








Knocx- Mor- 
DOWN TALITY 
IN 25 IN l 

MINUTES Day 


CONCEN- 
TRATION 


MATERIAL 
Mg. per dl. 


Per cent Per cent 
Series 1, six replicates: 
Pheny! analog 800 100 98. 
400 98 67. 
200 88 18. 
100 9 


Allethrin 200 100 
100 100 
50 98 
25 81 


Pyretkrins 800 100 
400 100 
200 100 
100 99.3 


Series 2, seven replicates: 

3200 
1600 
800 
400 
200 


Benzyl! analog 


Allethrin 200 
100 
50 
25 


Pyrethrins 748 
374 
187 

93. 


Series 3, six replicates: 

3200 
1600 
800 
400 


o-Methoxybenzyl analog 


3200 
1600 
800 
400 


3,4-Methoxylenedioxy- 
benzyl! analog 


Allethrin 200 
100 
50 
25 


Pyrethrins 800 
400 
200 
100 


Series 4, five replicates: 
p-Methoxybenzy! analog 3200 
allethrin 200 
100 
50 
25 


Pyrethrins 800 
400 
200 
100 





previous estimations of this value by this 
method. 

The synthetic phenyl and benzyl ana- 
logs, then, are quite toxic esters. The 
phenyl analog, the better of the two, 
though only one-third as toxic as alle- 
thrin to house flies by this method, is 
about as toxic as pyrethrins. These rela- 
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Table 2.—Relative toxicity of some aryl analogs of allethrin. 
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HeETERO- 
GENEITY REGRESSION 
MATERIAL Factor CogEFFICIENT LC-50 


Series 1: 


Phenyl analog 6.47 0.38 

Allethrin — 11 

Pyrethrins 4.52 22 
Series 2: 

Benzy! analog 3.75 AT 

Allethrin 6.82 27 

Pyrethrins 10.44 .29 
Series 3: 

o-Methoxybenzy] analog 8.95 30 

3,4-Methylenedioxybenzy1 

analog 24.62 .57 
Allethrin 7.28 Qs 
Pyrethrins — .12 


Series 4: 

p-Methoxybenzy] analog - 
Allethrin - a 
Pyrethrins 3.31 21 


STANDARD 
ERROR OF 





Toxicity RELATIVE TO— 





Allethrin Pyrethrins 


Per cent 


Mg. der dl. Per cent 


$07 + 15 33:7 +1.8 95.1 + 6.8 
103.6+ 2.6 100 282 + iF 
292 + 16 $5.5 +2.1 100 
599 + Q7 17.9 +1.4 56.1 + 5.5 
107.2+ 6.5 100 313 +33 
336 + 29 31.9 +3.4 100 
1815 +117 6.93+0.81 7.862) :4.7 
1516 +183 6.01+0.86 15:2 + 9 
91l.§+ 7.0 100 252 +22 
230.0+ 9.7 $9.6 +3.4 100 
4610 +220 2.09+0.12 5.88+ 0.39 
96.2+ 2.7 100 282 +15 
277i 6+ 32 $5.5 +1.9 100 








tionships show this analog to be about as 
toxic as furethrin, which is the only other 
analog possessing a cyclic substituent in 
position 2 of the cyclopentenolone nucleus 
that has been tested previously in this 
laboratory (Gersdorff & Mitlin 1952). 
SuMMARY AND Conc Lusions.—The rel- 
ative toxicity to house flies, Musca domes- 
tica L., of certain aryl analogs of allethrin 
was evaluated by the turntable method. 
The phenyl, benzyl, o-methoxybenzyl, 
p-methoxybenzyl, and 3,4-methylendi- 
oxybenzyl analogs of allethrin were, re- 
spectively, 34, 18, 7, 2, and 6 per cent as 
toxic to house flies by this method as 
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allethrin, and 95, 56, 18, 6, and 15 per cent 
as toxic as pyrethrins. 

Substitution in the benzyl side chain 
was accompanied by considerable loss in 
toxicity with the three esters assayed. 
Substitution of the methylenedioxy group 
gave an ester one-third as toxic as the un- 
substituted benzyl ester. Of the two iso- 
mers the ester with the methoxy group in 
the ortho position was about three times 
as toxic as the ester with the group in the 
para position but only about one-third as 
toxic as the unsubstituted analog. 

All the analogs possessed considerable 
knockdown value. 
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Ethylene Dibromide as a Fumigant for Mangoes Infested 
with the Mexican Fruit Fly 


J. G. Suaw and F, Lopez D., Entomology Research Branch, Agr. Res. Serv., U.S.D.A2 


Entry into the United States from 
\lexico of grapefruit, oranges, tangerines, 
and Manila mangoes, which are subject to 
infestation by the Mexican fruit fly, 
tnastrepha ludens (Loew), is allowed pro- 
vided the fruit is treated by vapor-heat 
sterilization (U.S. Bur. Ent. and Plant 
Quar. 1950). In Hawaii, Balock (1951) 
has demonstrated that very low dosages 
of ethylene dibromide gas give complete 
mortality of large populations of oriental 
fruit fly larvae, Dacus dorsalis Hendel, in 
certain fruits and vegetables. Ethylene 
dibromide fumigation has since been ap- 
proved as a treatment in Hawaii (U. S. 
Bur. Ent. and Plant Quar. 1953) for 
avocado, bell pepper, bitter melon, Cav- 
endish banana, cucumber, papaya, pine- 
apple, string beans, and zuechini squash. 
Based on investigations by Richardson 
(1952), it has been approved for use in 
Puerto Rico on mangoes subject to infes- 
tation there by the West Indian fruit fly, 
A. monbinpraeoptans Sein (U.S. Bur. Ent. 
and Plant Quar. 1951). 

Following Balock’s work a study was 
made, at the Mexico City laboratory of 
the former Bureau of Entomology and 
Plant Quarantine, of ethylene dibromide 
as a fumigant for mangoes infested with 
the Mexican fruit fly, to perfect an alter- 
nate for vapor-heat treatment. 

Meruops.-—The mangoes were treated 
in three gas-tight metal drum fumatoria of 
7.4 cubic foot capacity, as described by 
Balock & Starr (1945). Temperature at 
77+3° F. was controlled by a thermostat 
mounted in the lid. Before the gas was 
introduced into two of the fumatoria, the 
pressure within them was reduced by 23 
inches of mercury. The fumigant, con- 
tained in a 50 ml. distillation flask at- 
tached to the entrance tube and valve, 
was vaporized by heating the flask and 
valve with an alcohol lamp or a 
burner. The valve was left open until the 
pressure inside was equal to the atmos- 
pheric pressure. In the third fumatorium 
there was no temporary reduction of 
pressure, and the liquid was placed in a 
beaker over an electric plate mounted in 
front of the intake of the circulator at the 
bottom of the chamber. 


gas 


At the beginning of each day, the drums 
were checked for leakage by inserting air 
to raise the pressure and by applying a 
detergent concentrate at all joints and 
outlets. The loss of ethylene dibromide 
gas by sorption was measured by its 
recovery in monoethanolamine, according 
to the technique described by Sinclair & 
Crandall (1952). Only a few checks were 
made during 1952, but the results were 
similar to those obtained by Lindgren & 
Sinclair (1952). Compared with their loss 
of 86 per cent at the 8-ounce dosage with 
a 38 per cent load in the fumatorium after 
2 hours at 70° F., our tests at 77° showed a 
loss of approximately 89 per cent with a 
33 per cent load. 

Each lot of tree-run infested mangoes 
was randomized into square slatted trays 
of approximately 15 pounds capacity. 
Four trays of fruit occupying 2.46 cubic 
feet (33 per cent of capacity) was the load 
treated in each chamber. During cold 
weather when the temperature of the fruit 
was as low as 65° F., it was conditioned 
for 6-24 hours at 77° before fumigation. 
After 2 hours’ treatment the trays of 
fruit were removed and stored in special 
holding boxes (Mason & McBride 1934) 
containing approximately 1 inch of sand 
and pine sawdust in equal parts. Sifting 
for recovery of emerged larvae or devel- 
oped puparia was done two or three times, 
depending upon rate of fruit deterioration. 

In the treatment time of 2 hours 2 tons 
of the common variety of mango from the 
State of Morelos were used in 7 experi- 
ments from May 16 to August 8, 1951, 
and 10.8 tons in 16 experiments from April 
2 to August 12, 1952. Each experiment, 
usually with one lot of fruit, was made up 
of severai tests of different dosages. 

EXPLORATORY EXPERIMENTS.—In_ ex- 
ploratory experiments 2.2 tons of mangoes 
were used in testing different dosages and 
exposures. Fumigation for 30 minutes 
with 4, 8, 12, 16, and 20 ounces of gas per 
1,000 cubic feet had from 655 to 4 sur- 
vivors from an estimated population of 
75,650 eggs and larvae. From a population 


t The authors express their appreciation to F. BE. Guiza and 


F. Servin for assistance in this work. 


891 








10.0 


& 8 & 


MORTALITY IN PROBITS 
@ 
° 





JOURNAL OF Economic ENTOMOLOGY 











75 

7.0 

6.5 
i i 1 L | oo ee iL L - 
2 3 48567 1012 16 


DOSAGE OZ. PER 1000 CU. FT. 


Fic. 1.—Mortality of Mexican fruit fly eggs and 
larvae fumigated with ethylene dibromide. 


of 81,681 treated for 1 hour there were 
392 and 21 survivors at the 4- and 8-ounce 
dosages, respectively. Treatments with 1 
pound of ethylene dibromide for 15, 30, 
45, 75, 90, 105 and 120 minutes allowed 
only one survivor at 15 minutes. From 
5,921 to 18,563 eggs and larvae were 
treated for each period at this dosage, or 
a total of 129,141. 

Errect oF TREATMENT ON Fruit FLY 
Morrauity.—The results of the 2-hour 
treatment at 77° F. are summarized in 
table 1, and the survival is shown graph- 
ically in figure 1. The broken regression 
line in figure 1 was drawn provisionally 
and the solid line calculated by use of 
weighting coefficients according to the 
procedure outlined by Bliss (1935). Pro- 
jecting the calculated line past the last 
survival point (12 ounces) to 16 ounces, 
where 98,906 individuals were treated, 
gives a probit of 9.68, representing a sur- 
vival of 1.5 in 1 million. Obviously no 
survival could be expected out of this 
population. In the higher dosages up to 24 
ounces the populations were much below 
those from which any survival could be 
expected. 

Errect oF TREATMENT ON THE MAN- 
Gcores.—The highly prized Manila mango, 
a commercial variety, was treated with 
ethylene dibromide to determine its effect 
on the appearance of the fruit surface and 
on the ascorbic acid content and flavor of 
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the fruit. Three lots of Manila mangoes 
from southern Veracruz, purchased in the 
blue-green stage at a local market, were 
fumigated for 2 hours at 77° F. From one 
lot, fumigated on May 29, 80 fruits each 
were treated with 12, 16, or 20 ounces of 
gas. From the other two lots, fumigated on 
June 13 and 27, 192 to 196 fruits each were 
treated with 16 or 24 ounces of gas. 

None of the fruit became marked by the 
treatment, though after storage at room 
temperature (60°-70° F.) for 10 days 
heavy surface injury from anthracnose 
was equally common on the treated and 
untreated fruits. Approximately 15 per 
cent of the untreated fruit in the first lot 
and 25 per cent in the third lot rotted 
within a few days froma heavy infestation 
of a form of the A. mombinpraeoptans 
group. 

Flavor appraisals of the third lot by 
panels of 10 and 15 persons showed that 
the flavor of the ripened fruit 11 days 
after treatment had not been affected 
(Table 2). Fruit sections remaining from 
the morning sampling (11 A.M. to 12 noon) 
were placed in the refrigerator and before 
being tasted in the afternoon, between 4 
and 5 p.m., were held for 1 hour at room 
temperature. Some oxidation must have 
taken place, as in the 16 ounces and con- 
trol tests the afternoon ratings were lower 
than those of the morning. Samples of 50 
fruits were used for the tasting appraisals, 
as this was the number found necessary 
for reliable sampling in similar analyses 
with grapefruit treated with vapor heat. 

Samples of 50 fruits per test were used 
10 days after treatment for ascorbic acid 
analyses. There was some evidence that 
the treated fruit ripened faster than the 
untreated, which probably accounts for 


Table 1.—Mortality of eggs and larvae of the 
Mexican fruit fly in mangoes fumigated with 
ethylene dibromide gas for 2 hours at 77° F. in 
1951 and 1952. 











DosaGE 
(OuncEs) NUMBER 
PER 1,000 or Sur- 
Cusic Popvu.a- VIVORS Per Cent 
Feet TION (Puparta) Mortauity Prosit 
2 17,124 1,196 93.0157 6.48 
3 19,897 550 97.2358 6.92 
4 38,348 315 99.1786 7.39 
5 22,709 21 99.9075 8.11 
6 44,979 21 99.9533 8.31 
7 24,824 2 99.9919 8.7 
8 68, 102 7 99. 9897 8.71 
10 53,709 1 99.9981 9.12 
12 85,176 2 99.9977 9.07 
Total 374,868 
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Table 2.—Ratings by panels of tasters and ascorbic acid analyses of ripe Manila mangoes treated 


with ethylene dibromide on June 27. 








NuMBER OF Persons GIVING 


EruYLENE DIBROMIDE 


Ascorsic Acip 
(Ma. PER 100 
GRAMS OF 


INDICATED RATING 





(OUNCES PER 1,000 
Cusic Freer) 


Time Tasted Very good 


Good Fair JUICE) 





16 A.M. 

P.M. 

24 A.M. 

P.M. 

Control (untreated) A.M. 
P.M. 


we 2 me 


0 49.2 
0 ids 
1 48.8 
0 - 
1 41.3 
0 —— 


Cr Sr DAD 





the higher ascorbic acid (Table 2). 

ComMERCcIAL Use.—The treatment of 
Manila mangoes with ethylene dibromide 
in Mexico as requirement for their entry 
into the United States in trade was au- 
thorized on April 24, 1953. The first com- 
mercial load was treated on June 12, and 
after certification was shipped to the 
United States. 

SuMMARY.—Fifteen tons of mangoes 
infested with the Mexican fruit fly, Anas- 
trepha ludens (Loew), were fumigated 
with ethylene dibromide in drum fuma- 
toria of 7.4 cubic foot capacity in 1951 and 
1952. 

Only 11 per cent of the ethylene dibro- 
mide gas at a dosage of 8 ounces in a 33 
per cent load of fruit was recovered. 


In 23 experiments at 77°+3° F. for 2 
hours at dosages ranging from 2 to 24 
ounces per 1,000 cubic feet, 981,018 eggs 
and larvae were treated, with the last sur- 
vival at 12 ounces. The percentages of 
mortality plotted in probits show a linear 
regression. 

Flavor appraisals of Manila mangoes 
treated with 16 and 24 ounces of the gas 
showed that the flavor of ripe fruit had 
not been affected. The appearance of the 
fruit and its ascorbic acid content were 
not affected. 

Following authorization of its use in 
1953, commercial export to the United 
States of Manila mangoes treated by 
ethylene dibromide opened on June 12, 
1953. 
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Evaluation of Potato Leaf Injury Caused by Leafhoppers, 
Flea Beetles, and Karly Blight 


A. A, Granovsky and A. G. Peterson? 


Field trials with various combinations 
and formulations of standard and new in- 
secticides have been conducted nearly 
every vear since 1940 by the Minnesota 
Agricultural Experiment Station on com- 
mercial potato fields located in the dif- 
ferent potato growing areas of Minnesota. 
Evaluation of the results has consisted 
chiefly of periodic sampling of insect popu- 
lations, estimations of foliage injury, and 
measurements of yields. 

The estimation of insect populations by 
means of sweeping with an insect net or by 
counting insects on a certain number of 
leaves per plot has provided a fairly satis- 
factory measure of the insecticidal effi- 
ciency of the different materials. However, 
large fluctuations in insect populations 
over short periods of time which may be 
attributed to variable weather conditions, 
emergence of different broods of insects, 
and the temporary effectiveness of insec- 
ticides, as well as inevitable sampling er- 


rors, make it difficult in the final analysis 
to determine just what degree of plant 
protection was achieved by use of each 
insecticide over the period of an entire 


season. 

The sweeping method proved to be a 
laborious and time consuming process, 
especially when a number of potato fields 
with several replicated treatments were 
sampled periodically. Thirty or more 
separate collections for one insect count 
were frequently made in a single field. 
Sometimes 1,000 or more flea beetles were 
counted per sample of 25 double sweeps of 
a standard 12-inch insect net. 

Yield data have proven of value in cor- 
roborating at least the greater differences 
in insecticidal efficiency as measured by 
insect populations, and they have pro- 
vided information concerning the relation 
of insect populations to yields (Peterson 
& Granovsky 1950). Yields have also 
served to indicate any adverse effects on 
the plants due to action of the insecticides. 
Unfortunately, vield data sometimes lack 
the desired degree of precision due to rela- 
tively great soil heterogeneity, and due to 
the necessarily limited size of plots which 
may result in drifting of insects as well as 
of insecticides and thus prevent normal 


build-up of insect populations in the un- 
treated controls. Occasionally yields are 
apparently unaffected by use of insecti- 
cides as a result of abnormally small in- 
sect infestations such as were observed in 
1947 and in other years. 

During the past few years estimations 
of foliage injury in potato insecticide trials 
in Minnesota have provided valuable in- 
formation supplemental to that obtained 
from insect population counts and yields, 
Measurements of the degree of foliage in- 
jury made at about the time potato 
plants have reached their maximum 
growth appear to offer an effective method 
of evaluating the protective and residual 
qualities of insecticides. Estimations and 
measurements of foliage injury give an ef- 
fective evaluation of the total degree of 
protection achieved by each insecticide. 
They may be frequently more dependable 
than estimates of insect populations and 
more precise than vield determinations. 

The measurement or estimation of leaf 
areas in order to ascertain the degree of 
foliage injury introduces sampling and 
technical problems. The method must be 
rapid in order to permit accumulation of 
adequate data for statistical analysis, yet 
must be sufficiently accurate to attain the 
desired precision in demonstrating dif- 
ferences due to various treatments. 

Degree of foliage injury may be accu- 
rately determined by measuring healthy 
and afiected leaf areas with a planimeter. 
Although slow, this method is quite com- 
monly used for measuring leaf areas or de- 
termining standards used for other meth- 
ods. Photoelectric apparatus has _ been 
rather widely used for estimating leaf 
areas (Gerdel & Saulter 1928, Frear 1935, 
Withrow 1935, Mitchell 1936, Kramer 
1937, Hibbard et al. 1937). The photo- 
electric method is sufficiently rapid for 
estimating areas of entire leaves, but it is 
not very practical for field use in esti- 
mating foliage injury which requires 
separation of the healthy areas from por- 
tions affected by insect feeding. Wolfen- 
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harger (1936) counted the number of 
leaflets per plant showing hopperburn, the 
number of leaflets having early blight, and 
the number of flea beetle holes per leaflet 
in order to estimate relative degrees of 
foliage injury. Others have considered the 
number of flea beetle holes per unit area 
to be a reliable index to flea beetle popu- 
lations and foliage injury (Sleesman 1940, 
Sleesman & Wilson 1943, unpublished 
data by the senior author 1944-1946). 
Watson (1937) determined a relationship 
between leaf area and leaf weight for 
sugar beet, mangold, and wheat and then 
estimated leaf areas by weighing the 
leaves. Others have measured hopperburn 
on potato by the ratio of hopperburned 
tissue to green tissue on a dry weight 
basis (Allen & Rieman 1939). Areas of 
apple leaves were successfully measured 
by placing each leaf under a glass marked 
off into centimeter squares, and the area 
was determined by counting the squares 
(Vyvyan & Evans 1932). This method 
was used by the junior author in deter- 
mining potato leaf areas affected by hop- 
perburn (Peterson 1949*). Stanley (1945) 
recently used the same method in deter- 
mining areas of bean leaves. 

Visual estimations of foliage injury and 
per cent defoliation have been frequently 
used to good advantage by experienced 
workers. Visual estimation of foliage in- 
jury is rapid and suitable for some types 
of work. However, such estimates made 
by different persons may vary considera- 
bly, and more precision is frequently de- 
sirable. Different categories may be estab- 
lished to include various degrees of foliage 
injury as used by Sleesman & Stevenson 
(1941) who at first used four classifications 
for hopperburn on potato, 0 to 25 per 
cent, 25 to 50 per cent, 50 to 75 per cent, 
and 75 to 100 per cent. They later 
modified these categories to “‘light,” 
“medium,” and “heavy.” Numerical 
ratings of one to five or six are frequently 
used for classification of foliage injury 
caused by insects and plant diseases. 
Plant pathologists were among the first to 
use the matching method (Cobb 1892), 
and modifications of this method are still 
in use (Melchers & Parker 1922, Peterson 
et al. 1948). Thirumalachary (1940) de- 
scribed a similar matching method by 
which leaf areas are estimated by com- 
parison with standards of known area. He 
reported the matching method to be more 


895 


rapid and more accurate than three other 
methods based on leaf dimensions. Bald 
(1943), using the method of Thirumalach- 
ary, studied leaf areas of potato with re- 
spect to growth of different varieties and 
growth of leafroll infected plants. He re- 
ported the matching method to be accu- 
rate within 5 per cent. Bald & Helson 
(1944), in studies of tuber moth injury to 
potato foliage, determined leaf areas by 
matching each leaf with photographic out- 
lines of standard leaves which had been 
previously measured by a planimeter. A 
matching method for determining per cent 
common scab on potato tubers, as used by 
U.S. Department of Agriculture person- 
nel stationed in Minnesota in 1940, was 
based on diagrams showing different 
standards of tuber injury. Hervey (1943) 
used photographs as standards for esti- 
mating insect injury to cabbage. Hartzell 
(1946) used the matching method for 
estimating foliage injury by the grape 
leafhopper. He preserved leaf discs repre- 
senting different degreees of injury be- 
tween lantern slides. Actual percentage 
injury was determined precisely on these 
standards by means of a microscope and 
ocular micrometer. Matching samples 
with the standards provided a rapid and 
fairly accurate evaluation of foliage in- 
jury. An extensive review of methods of 
evaluation for determining plant disease 
losses has been prepared by Chester 
(1950). 

Meruops.—Commercial fields of uni- 
form stand and appearance were selected 
in representative potato growing areas for 
the insecticide trials. Plots were from six 
to 12 rows wide and varied in length from 
600 to 1,500 feet. Five to 14 different in- 
secticide formulations were tested on each 
field including an untreated check. Treat- 
ments were randomized within three or 
four replications. Insecticides were ap- 
plied at intervals of 10 to 14 days during 
the season with a total of three to five ap- 
plications. 

Insect population counts were made by 
taking 25 double sweeps in each plot with 
a standard insect net 12 inches in diame- 
ter. The catch from each plot was placed 
in a separate cyanide jar, and counts were 
later tabulated for potato leafhoppers, flea 
beetles, aphids, Colorado potato beetles, 


_3 A. G. Peterson, 1949. A study of the resistance of some varie- 
ties of potato to the potato leafhopper, Empoasca fabae (Harris). 
156 pp. Ph.D. Thesis, University of Minnesota. 
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Fic. 1.—Diagrammatic chart showing percentages of flea beetle injury to potato leaves. 


tarnished plant bugs, and_ six-spotted 
leafhoppers. 

Yields were estimated by taking 2-rod 
samples of the two center rows at three 
different places in each plot. In some fields 
the entire two center rows of each plot 
were dug by machine for the yield sample. 

In 1942 foliage injury by the potato flea 
beetle, Epitrix cucumeris (Harr.), was 
estimated by counting holes per square 
inch on 60 to 80 leaves per plot selected 
from near the base, middle, and top of the 
plants. A cardboard having a square-inch 
hole in the center was superimposed on 
each leaf to facilitate counting the leaf 
holes in a square-inch area. 

In 1946 foliage injury was estimated by 
counting flea beetle holes per square inch 
from 40 leaves selected at random from 
ach plot. Early blight lesions were 
counted per square inch from the same 40 
leaves per plot. 

The matching method was used in 1947 
to evaluate foliage injury due to flea 
beetles, potato leafhoppers, and early 
blight. Diagrams of potato leaves were 
prepared with the aid of a planimeter to 


show various calculated degrees of injury 
rated according to per cent of leaf area 
affected. Photographs of these diagrams 
(Figs. 1, 2, 3) were used in the field for 
standards of comparison in estimating de- 
gree of foliage injury. On some occasions 
leaves were removed from the plants and 
brought back to the laboratory for 
evaluation. 

FLeA BeerLte PorpuLations AND Fout- 
AGE Ingury.—Observations on foliage 
injury by the potato flea beetle, were 
made in two fields in the Red River Valley 
during 1942. Counts of flea beetle leaf 
holes indicated somewhat greater injury 
on the lower leaves. In one field the leaf 
hole counts were made rather early in the 
season, and no insect population counts 
are available for comparisons. In the 
second field the leaf hole counts were 
made near the end of the season, and a 
definite relationship between leaf holes 
and flea beetle populations was observed. 
The regression of leaf holes per square inch 
on average flea beetles per 25 sweeps based 
on six periodic insect counts was 0.25 
which exceeded the 1 per cent level of 
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Table 1.—Relationships of yields, average numbers of flea beetle holes per square inch, and aver- 
age flea beetle counts per 25 sweeps, 1946. 








GREAT- 

EST 
Rance YIELD 

RANGE OF In- 
OF LEAF CREASE 
FLEA Hotes ABOVE 
BEETLE PER Cueckx of Free- ———-——-——— 


Reeressions (b) AND CORRELATIONS (r) 


Yields on 
Leaf Holes 





Yields on 
Flea Beetles 


Leaf Holes on 
Degrees _ Flea Beetles 


Fretp Counts Sq.In. Bu./A. dom b b r b r 
Bestland 155-795 87* 9 
Florence 
Chippewa 92-798 
Florence 
Series I 
Florence 
Series I 
Skyberg 
Skavlem 
Crookston 


24 120 
9-105 §2* 
98-642 37 
61-276 5- 25 
221-449 


70-329 — 61 
44-211 


0.11 


aa 92 


—0.11 —0.76f —0.67 —0.71* 


—0.06 —0O.77f —0.50 —0.84f 


91F 


.88* 


a | 
91F 


—0.65 —0.88* 





* Exceeds 5% level of significance. 

t Exceeds 1% level of significance. 
significance (correlation of 0.69 for 12 de- 
grees of freedom). Flea beetle populations 
remained moderately low until the last of 
the season and averaged from 45 to 67 
flea beetles per 25 sweeps for the different 
treatments. Although some insecticides 
produced significant yield differences, no 
significant correlations existed between 
yields and numbers of flea beetles per 25 
sweeps. 

The 1946 experiments include extensive 
observations on seven fields in the Red 
River Valley of northwestern Minnesota. 
Insect population counts were made in 
each of these fields periodically 11 to 12 
times during the season. Flea beetle holes 
were counted during the last week in 
August. Yields were recorded at time of 
harvest. 

Different population densities of flea 
beetles among the seven fields as well as 
between different treatments in the same 
field facilitated comparisons of flea beetle 
populations, leaf holes per square inch of 
leaf surface, and yields. These compari- 
sons are summarized in table 1. 

As might be expected, there was a close 
relationship between flea beetle popula- 
tions and the numbers of leaf holes per 
square inch. Regressions of average leaf 
holes per square inch on average flea bee- 
tles per 25 sweeps are remarkably uniform 
for the different fields. According to the 
regressions, a seasonal average of 100 flea 
beetles per 25 sweeps might be expected 
to result in 10 leaf holes per square inch 
under the conditions of these experiments. 


The count of leaf holes per square inch 
made once in each field during late August 
apparently provided as effective an evalu- 
ation of insecticides as did averages of flea 
beetle population counts made _ periodi- 
‘ally 11 to 12 times throughout the season. 

A definite relationship was observed 
between flea beetle populations and yields 
as well as between numbers of leaf holes 
and yields. Large populations of flea bee- 
tles were usually necessary to produce re- 
ductions in yields great enough to exceed 
the minimum level of significance under 
the conditions of these experiments. Ac- 
cording to the regression coefficients for 
yields on flea beetles (Table 1), a seasonal 
average of 100 flea beetles per 25 sweeps 
would have apparently accounted for 
yield reductions of approximately 6 bush- 
els per acre in the Florence Chippewa field, 
11 bushels in the Bestland field and 65 
bushels in the Crookston field. Similarly, 
an average of 20 leaf holes per square inch 
at the close of the season would have ap- 
parently accounted for yield reductions in 
these fields of 10 to 13 bushels per acre 
according to regressions of yields on leaf 
holes. As will be pointed out later, flea 
beetles, leafhoppers, and early blight all 
contributed to yield decreases in the 
Florence Chippewa field, and partial re- 
gressions calculated for this field were 
somewhat lower than the total regressions 
given above. 

During 1947 various formulations of 
insecticides were applied to two fields near 
Princeton, Minnesota, one field near 
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Fig. 2.—Diagrammatic chart showing percentages of hopperburn on potato leaves. 


Grand Rapids, and one field in the Red 
River Valley. Flea beetle populations re- 
mained at a very low level throughout the 
season at Princeton and Grand Rapids. 
Degree of foliage injury was too small to 
estimate, and no effect on yields was 
evident. 

In the Red River Valley, on the other 
hand, flea beetles were a serious problem 
in 1947. Planting was 2 to 3 weeks later 
than the average planting date, and flea 
beetles attacked the young plants as soon 
as they emerged from the ground. Five flea 
beetle counts were made in the Bestland 
field by the sweeping method from August 
9 to August 21. Percentages of foliage in- 
jury due to flea beetles were estimated in 
late September by the matching method 
(Fig. 1) using 25 leaves per plot. Average 
flea beetle counts in the different treat- 
ments ranged from 115 to 296 flea beetles 
per 25 sweeps, and average leaf injury 
ranged from 8.0 to 15.7 per cent. The re- 
gression of per cent leaf injury on average 
flea beetles per 25 sweeps was 0.035, and 
the correlation was 0.79. (Probability for 
the regression and correlation coefficients 


approached the 1 per cent level of signifi- 
cance; 7 degrees of freedom.) The corre- 
lation between average flea beetles per 25 
sweeps and per cent leaf injury approxi- 
mates the 1946 correlations between flea 
beetles per 25 sweeps and leaf holes per 
square inch given in table 1. Lack of sig- 
nificant differences among 1947 vields pre- 
vented further determinations of rela- 
tionships of flea beetles and foliage injury 
to vields. 

In an insecticide trial conducted in the 
Red River Valley in 1949 a close correla- 
tion was observed between flea beetle 
populations and percentages of foliage in- 
jury. Low but significant negative correla- 
tions existed between flea beetle popula- 
tions and yields and between percentages 
of foliage injury and yields (Peterson 
1950). 

The matching method provided appar- 
ently comparable results with the method 
of counting leaf holes per square inch, and 
the matching method was much more 
rapid. It is believed that flea beetle injury 
estimated by this method when plants 
have reached their maximum growth gives 
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a reliable indication of the total degree of 
plant protection effected by use of various 
insecticides. 

Porato LEAFHOPPER POPULATIONS AND 
Fourace INjury.—The potato leafhop- 
per, Empoasca fabae (Harr.), is not as seri- 
ous a problem in the Red River Valley as 
in southern Minnesota. A significant re- 
gression of vields on potato leafhoppers per 
25 sweeps was obtained only in the Florence 
Chippewa field in 1946. In other fields of 
the Red River Valley the leafhopper pop- 
ulations were apparently too low or too 
spotted to resalt in significant yield dif- 
ferences. The regression of —0.90 (corre- 
lation —0.74, 11 degrees of freedom) of 
yields on leafhoppers in the Florence 
Chippewa field is higher than the corre- 
sponding regression of yields on flea bee- 
tles. This might be expected due to the 
toxic effects associated with leafhopper 
feeding which makes an individual leaf- 
hopper more injurious than an individual 
flea beetle. 

Foliage injury due to potato leafhop- 
pers was not estimated in the 1946 experi- 
ments. Observations on foliage injury 


GRANOvSKY & PererRsOoN: EvaLuatiIne Potato Lear INJURY 


899 


Diagrammatic chart showing percentages of early blight injury on potato leaves. 


during 1947 were handicapped by ab- 
normally low populations of potato leaf- 
hoppers. However, the matching method 
(Fig. 2) was used for estimating hopper- 


burn in 1947 in the Twin Cities area 
where potato leafhoppers became fairly 
abundant during the latter part of the 
season. 

The matching method appears to be 
relatively accurate for estimating degree 
of hopperburn and is much more rapid 
than other methods. In some respects this 
method is not as satisfactory for estimat- 
ing hopperburn as for estimating flea bee- 
tle injury because of various complicating 
factors such as physiological tip burn and 
Lygus bug injury which may at times ap- 
pear almost indistinguishable from hop- 
perburn. 

Fourace Injury Dvr To Earty 
Buicut.—In 1946 leaf spots caused by the 
carly blight organism, Alternaria solani, 
were counted on the same leaves used for 
counting flea beetle leaf holes. The Flor- 
ence Chippewa field was the only location 
in which early blight became abundant. 
In this field the regression obtained for 
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Table 2.—Comparison of total and partial correlations and regressions of flea beetle and potato 





leafhopper populations and early blight leaf spots with yields in the Florence Chippewa field, 1946. 








CORRELATIONS 


Total 


Yields and flea beetles —0.77 
Yields and potato leafhoppers —0. 74 
Yields and early blight leaf 


spots/sq. inch —0.65* 


Partial Total 


REGRESSIONS 


Partial 
—0.023 
—0.495 


—0.056F 
—0.901F 


—4.34* —1.64 





* Exceeds 5% level of significance. 

t Exceeds 1% level of significance. 
yield on number of early blight lesions per 
square inch was —4.34 (correlation 
— 0.65; 11 degrees of freedom) which ex- 
ceeded the minimum level of significance. 
Estimation of foliage injury by the num- 
ber of leaf spots per square inch may be 
fairly satisfactory, but inaccuracies may 
result on account of the variable size of the 
leaf spots and adjacent leaf area affected. 

The matching method (Fig.3) was used 
to estimate early blight injury in 1947. 
Although early blight was common in 
several fields, significant differences 
among the various treatments did not 
occur. However, this was no fault of the 
matching method, but rather due to the 
time of sampling which was about 3 weeks 
after the final application of insecticides 
and fungicides. It was observed that early 
blight was held in check by some of the 
fungicides, but it began to increase ex- 
tensively 10 to 14 days after the last ap- 
plication. This late development of early 
blight nullified to a large extent the effects 
of the fungicides by the time the samples 
were collected for evaluation. 

EVALUATING COMBINATIONS OF FOoLt- 
AGE InJury.—Most of the fields reported 
in these experiments had moderate to 
severe infestations of flea beetles uncom- 
plicated by abundant potato leafhoppers 
or early blight. However, in the Florence 
Chippewa field the results were interesting 
because of the significant differences in the 
various plots with respect to yields, flea 
beetles per 25 sweeps, potato leafhoppers 
per 25 sweeps, and early blight spots per 
square inch. Significant negative correla- 
tions existed between yields and flea bee- 
tles (—0.77), between yields and leafhop- 
pers (— 0.74), and between yields and early 
blight (—0.65) (11 degrees of freedom). 

The high correlation of flea beetles with 
potato leafhoppers (0.70) indicates that, 
in a general way, the insecticides effective 
against flea beetles were also effective 


against potato leafhoppers. A significant 
correlation also existed between flea bee- 
tles and early blight (0.68), but the corre- 
lation between potato leafhoppers and 
early blight (0.46) was not significant. 

In order to determine the effects of the 
different factors on vields, the partial cor- 
relations and regressions were calculated 
(Table 2). 

It may be inferred from comparisons of 
the total and the partial correlations that 
flea beetles, leafhoppers, and early blight 
all contributed almost equally to effect 
the yield reductions. However, since the 
partial correlations do not reach the 
minimum level of significance, none of the 
three factors, taken alone, can be said to 
have a significant effect on vields in this 
experiment. The significant yield differ- 
ences apparently occurred as a result of 
differences in populations of flea beetles, 
potato leafhoppers, and early — blight 
which were all acting simultaneously in 
the same direction to cause the reductions 
in vields. 

Discussion.—Measurement of foliage 
injury due to flea beetles by both leaf 
holes per square inch and the matching 
method has provided rather accurate 
estimates of flea beetle populations. In 
table 1 the regressions of leaf holes on flea 
beetles were almost identical for several 
different varieties including Bliss Tri- 
umph, Irish Cobbler, Chippewa, and 
Russet Burbank. On the basis of this uni- 
formity, it is believed that measurements 
of foliage injury, either by leaf holes per 
unit area or the matching method, may be 
used to replace, to some extent, flea beetle 
population counts. 

Degree of foliage injury by potato leaf- 
hoppers may provide a fairly reliable in- 
dex of leafhopper populations on a single 
variety. Occasionally, late hopperburn is 
indistinguishable from injury caused by 
physiological tip burn, Lygus bugs, or 
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early blight. Vast differences occur in the 
response of different potato varieties to 
leafhopper feeding, and the degree of hop- 
perburn does not give reliable estimates of 
either leafhopper populations or yields if 
different varieties are involved. 

Due to the characteristic injury pro- 
duced by early blight, the matching 
method is believed to be more accurate 
than counting lesions per unit area. Since 
early blight lesions enlarge and sometimes 
coalesce, they often apparently interrupt 
translocation to certain parts of the leaf 
area lying beyond the lesions. One large 
early blight lesion has been observed to 
result frequently in death of one-fourth or 
more of a leaflet. This spreading type of 
injury is taken into account in the match- 
ing method. 

Considerable variations in the regres- 
sions of yields on insect populations and 
vields on foliage injury might be expected 
in potato fields of different localities or in 
the same field in different years due to 
effects of other variables on yields such as 
variations in soil fertility, moisture, time 
of appearance of insects, presence of 


weeds, and many other factors. Neverthe- 


less, such regressions may furnish some 
much needed information concerning rela- 
tionships of insect populations to yields, 
and they may facilitate some estimation 
of vield effects attributable to each species 
of insect in fields having mixed infesta- 
tions. Use of the matching method is ap- 
propriate for comparing the importance 
of different causes of foliage injury, with 
the possible exclusion of hopperburn on re- 
sistant varieties of potatoes, since all eval- 
uations are recorded directly in terms of 
per cent leaf area affected. 
SUMMARY.—Measurements of foliage 
injury on potato provide a useful evalua- 
tion of insecticides supplemental to the 
information obtained from insect popula- 
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tion counts and yields. 

Significant correlations existed among 
populations of potato flea beetle, Epitrix 
cucumeris (Harr.), numbers of leaf holes 
per square inch, and yields. Almost a con- 
stant relationship was observed between 
flea beetle counts and numbers of leaf 
holes, and the latter are believed to pro- 
vide an efficient estimate of flea beetle 
populations. Relatively large populations 
of flea beetles are apparently necessary to 

cause measurable reductions in yields. 

Fewer potato leafhoppers, Empoasca 


fabae (Harr.), than flea beetles are appar- 


ently required to produce measurable 
yield reductions. The degree of hopper- 
burn is believed to be a fairly accurate in- 
dex to the potato leafhopper population 
on a single susceptible variety of potato. 
If different potato varieties or leafhopper 
resistant varieties are involved, the degree 
of hopperburn cannot be used to indicate 
either leafhopper populations or yield 
reductions. 

Early blight caused by Alternaria 
solani, was sufficiently abundant in one 
field to have a significant negative correla- 
tion with yields. It is important to make 
estimations of foliage injury for early 
blight, as well as insect injury, within a 
week or 10 days following final application 
of insecticides before symptoms become 
complicated by signs of maturity and late 
insect and disease infestations. 

The matching method, with the use of 
mathematically calculated diagrams for 
comparison, is believed to be an accurate 
and very rapid means of estimating the 
percentage of foliage injury caused by 
flea beetles, potato leafhoppers, and early 
blight. Since all evaluations are recorded 
directly in terms of per cent leaf injury, 
this method may facilitate comparisons 
concerning the importance of the different 
types of foliage injury. 
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Relation of the Activation of Schradan in Plant Tissues 
to Its Toxicity to Insects and Mites!” 


Pretro DE Pretri-ToNnevir and Rates B. Marcu, University of California Citrus Experiment Statiou, 
Riverside 


Although schradan [Bis(bis-dimethyl- 
amino) phosphonous anhydride] shows 
the peculiar symptoms of an anticholines- 
terase* agent in vivo in mammals, the in- 
hibition of this enzyme is demonstrated 
in vitro in mammals and insects only in 
extremely high doses in comparison with 
other organo-phosphorus _ insecticides 
(Metcalf & March 1949, DuBois et al. 
1950, and Gardiner & Kilby 1950, 1952). 
DuBois et al. (1950) and Gardiner & 
Kilby (1950, 1952) demonstrated that 
mammalian tissues can accomplish the in 
vivo conversion of schradan to an anti- 
ChE agent. Cheng (1951) showed that the 
principal site for this transformation in 
the rat is in the liver. 

DuBois et al. (1950), Hall et al. (1951), 
and Casida et al. (1952) showed that plant 
tissues convert schradan in vivo to an 
active anti-ChE. Ivy et al. (1950), Zeid 


& Cutkomp (1951), and Hartley (1951) 
were not able to confirm such activation, 
however. Metcalf & March (1952) found 
that citrus-leaf extracts containing rela- 
tively large amounts of schradan and 
alkali-soluble metabolites were only 
slightly effective in inhibiting fly-brain 
and purified human-serum ChE, and that 
activity was largely independent of total 
schradan and metabolite concentration. 
This indicated that a toxic metabolite was 
produced only in small amounts, was 
rapidly decomposed, and did not accumu- 
late as did schradan and other metabo- 
lites. 


1 Paper No. 812, University of California Citrus Experiment 
Station, Riverside, California. 

2 This work was financed in part by a grant from the U. 
Atomic Energy Commission, Contract AT(11-1)34, Project 6: 
Dr. F. M. Turrell, Director. 

3 Fulbright Grantee, Research Associate in Entomology; now 
Entomologist, Centro Studi Antiparassitari, 5. A. Montecatini, 
Signa/Firenze, Italy. 

‘The abbreviation ChE is used hereinafter for cholinesterase. 
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Schradan is largely effective system- 
ically against small, soft-bodied, sucking 
insects such as aphids, leafhoppers, etc., 
and mites, and is ineffective against other 
insects such as beetles, bees, and flies even 
by direct contact (Ripper et al. 1950, and 
Greenslade 1951). Duspiva (1951) demon- 
strated that certain aphids and _ plant 
bugs, when killed by direct contact with 
schradan, showed a greatly reduced brain 
ChE activity, and he suggested that the 
susceptible insect itself transforms schra- 
dan into an active anti-ChE. Previously, 
it had been considered that the activated 
schradan responsible for systemic toxicity 
was primarily produced in the plant. 
Casida & Stahmann (1953) and O’Brien 
& Spencer (1953) have recently shown in 
vitro that both susceptible and _ tolerant 
insects are able to convert schradan to an 
active metabolite. 

On the basis of the above evidence it is 
clear that in mammals schradan, although 
not in itself an active anti-ChE agent, is 
converted to an active agent, principally 
in the liver. The evidence for plants and 
insects has not been so completely or 
clearly developed, although the ability of 
both plant and insect tissues to produce 
an active metabolite is well established. 
This study was undertaken to assess the 
importance of the activation of schradan 
by plant tissues to insecticidal activity. 
For this purpose we have compared the 
activity of schradan itself, and of schradan 
after contact with plant and animal tis- 
sues, against several insects and the citrus 
red mite. 

MATERIALS AND Mrtuops.—The sam- 
ples of schradan® used in these experi- 
ments were highly purified, consisting al- 
most. exclusively of bis(bis-dimethyla- 
mino) phosphonous anhydride, except for 
a technical sample® used for comparison. 

In order to provide leaf tissues contain- 
ing known amounts of schradan, the tech- 
nique of leaf infiltration’? was adopted. A 
mature leaf from a potted Black Valentine 
bean plant was removed, weighed, rolled 
into a cylinder and introduced into a vial 
containing a water solution of schradan 
of known concentration. The vial was 
placed in a suction flask which was then 
evacuated to 12 to 15 cm. of mercury. 
Upon release of the vacuum the schradan 
solution penetrated the evacuated leaf 
tissues. The operation was repeated until 
the penetration was uniform. The leaf was 
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then removed, washed with water, dried, 
and weighed, and the amount of pene- 
trated schradan solution was determined 
by weight difference. The stem of the leaf 
was wrapped with moist cotton and placed 
in a vial of water to maintain tissue- 
turgidity. Infiltrated leaves were stored at 
75° F. until used experimentally. 

In other experiments, P®-labeled schra- 
dan was applied to the stem of a potted 
Black Valentine bean from whence it was 
translocated to the leaves. The concentra- 
tion of schradan and metabolites in the 
leaves was determined by means of radio- 
tracer detection techniques, using a 
Geiger-Miiller counter (Metcalf & March 
1952). 

Bioassays employing third- or fourth- 
instar larvae of Culex quinquefasciatus 
Say were made in duplicate, using 20 
larvae per wax-paper cup containing 
known concentrations of schradan in 100 
ml. of distilled water. The cups were 
maintained at 75° F., and mortalities were 
determined at 24 and 48 hours. In some 
experiments schradan-containing leaves 
were homogenized in water in a glass 
Potter-Elvehjem homogenizer, and the 
homogenate was made up to 100 ml. Suf- 
ficient leaf tissue was used to yield final 
concentrations of schradan in the range of 
10 to 30 p.p.m. 

Tests with first-instar nymphs of A phis 
medicaginis Koch were accomplished by 
using Munger-cell techniques, as de- 
scribed by Metcalf & Carlson (1950). In 
order to insure immediate and complete 
feeding, the aphids were starved in vials 
for 1 hour after removal from the stock 
cages, before they were transferred to the 
Munger cells. After a 2-hour feeding 
period on the schradan-containing leaves, 
the aphids were transferred to untreated 
leaves in clean Munger cells and kept at 
75° F. for determination of 24- and 48- 
hour mortalities. 

Contact toxicity of schradan to first- 
instar nymphs of Aphis medicaginis was 
determined by direct spraying in a spray 
tower with water solutions of schradan 


5 The P%-labeled schradan (>99 per cent schradan) was ob- 
tained through the courtesy of Pest Control Limited, England: 
the unlabeled schradan (>90 per cent schradan) was obtained 
through the courtesy of the Monsanto Chemical Company. 

6 Obtained through the courtesy of Pest Control Limited, 
England. This sample may be expected to contain about 85 per 
cent active compounds, 40 per cent of which is schradan (Hartley 
et al. 1951). 

’ The authors wish to acknowledge the help of Mrs. M. S. 
Cohan of the Department of Plant Biochemistry in suggesting 
the leaf infiltration technique and instructing in its use. 
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Fic. 1.—Toxicity of schradan to adult females of 
Metatetranychus citri (McG.) by ingestion from water 
solution through floating wax-paper discs. 


containing 0.01 per cent wetting agent 
(Triton X-100). One ml. of solution was 
atomized above a test lot of 20 aphids 
confined on filter paper in half of a 9-cm. 
petri dish. After they had been sprayed, 
the aphids were transferred to clean filter 
paper, permitted to dry for 1 hour, and 
transferred to untreated bean leaves in 
Munger cells. The cells were stored at 
75° F., and mortalities were determined 
after 24 hours. 

Adult females of the citrus red mite, 
Metatetranychus (Paratetranychus)  citri 
(McG.), after being starved for 1 hour in 
vials and then transferred to a disc of wax 
paper floating on the surface of a beaker 
of water, fed immediately through the 
paper and remained in good condition for 
at least 48 hours. It was not possible to 
induce mite-feeding upon bean leaves in 
a satisfactory manner as with the aphids, 
however. By the use of this technique, 
results with solutions of schradan and 
schradan plus liver-activated metabolite 
were compared. 

The technique for activation of schra- 


dan by mouse-liver slices was similar to 
that described by DuBois et al. (1950). 
Mouse-liver slices (50-60 mg. dry weight) 
were placed in a Warburg flask in 3.0 ml, 
of Krebs-Ringer phosphate buffer (Um- 
breit ef al. 1949), at pH 7.4, containing 
0.01 M glucose and 0.1 M schradan. One- 
tenth ml. of 10 per cent KOH was ab- 
sorbed on filter paper in the center well to 
trap evolved COs, and the incubation was 
run at 37.5° C. in a closed system after 
initial oxygenation for 10 minutes. ChE 
determinations were made manometri- 
cally at 37.5° C., using a brei of 3 female 
house-fly heads per ml. of bicarbonate 
buffer, with 0.01 M acetylcholine bromide 
as substrate (Metcalf & March 1953), 
Methods for radiological assay and parti- 
tioning between CHC1; and N NaOH were 
the same as those described by Metcalf & 
March (1952). Hartley et al. (1951) re- 
ported the partition of pure schradan be- 
tween CHCl, and VN NaOH to be 24 to 1. 
Metabolic products of schradan, including 
the active metabolite as well as inactive 
degradation products, all have much 
lower partition coefficients. 

Discussion OF Resutts.-—Toxicity of 
Schradan.—The contact toxicity of schra- 
dan when applied by direct spray to first- 
instar nvmphs of Aphis medicaginis was 
demonstrated by the following results: 


20-Hour 

Concentration Mortality, 

Per Cent (w/v) Per Cent 
0.005 10 
0.05 100 
0.5 100 
Water check 0 


This is in agreement with the contact 
toxicity of schradan to aphids as reported 
by Schrader (1951). 

The results in figure 1, which were ob- 
tained by the use of the floating-wax- 
paper technique, show that schradan is 
directly active toward Metatetranychus 
citri by ingestion. The 24-hour LD5» is 
88 p.p.m. of schradan in the ingested 
water solution; the 48-hour LD5.0 and LD» 
are 36 and 80 p.p.m., respectively. The 
results of tests to determine the activity 
of schradan against larvae of Culex quin- 
quefasciatus are shown in figure 2. The 
LDs509 and LD go for 48 hours are 35 and 62 
p-p.m., respectively. It is of interest that 
the 48-hour toxicity of schradan is of the 
same order to both species. Zeid & Cut- 
komp (1951) found somewhat lower 
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values against third-instar larvae of 
Aedes aegypti (L.), the 72-hour LD5o and 
LDoo being 0.3 and 1.0 p.p.m., respec- 
tively. In order to determine the effect of 
purity of the schradan sample on toxicity, 
the activities of three samples of schradan 
against Culex quinquefasciatus were com- 
pared. Samples of technical schradan, 
schradan, and P*®-labeled schradan gave 
48-hour LDs5o’s of 49, 35, and 28 p.p.m., 
and LDgo’s of 80, 60, and 50 p.p.m., 
respectively (see Fig. 2). Thus it is appar- 
ent that high toxicity is directly related 
to purity of the schradan sample, and 
that schradan exhibits considerable toxi- 
city to these species. 

Toxicity of Infiltrated Schradan and of 
Translocated Schradan in leaf Tissues.— 
The toxicity of bean leaves infiltrated 
with schradan to Aphis medicaginis is 
given in table 1. A concentration of 270 
y/gm. of leaf tissue produced mortalities 
of 50 and 60 per cent, respectively, in 24 
and 48 hours. Similar concentrations of 
P-labeled schradan translocated to bean 
leaves from stem application produced 53 
per cent mortality in 48 hours with a con- 
centration of 180 y/gm. of leaf tissue, and 
65 per cent ot 320 y/gm., as shown in 
table 2. 

Thus, there is no real difference between 
the toxicity of excised leaves infiltrated 
with schradan and the toxicity of leaves 
into which the schradan was translocated 
in 2 to 4 days from application to the 
stem. There is also much better correla- 
tion between toxicity and the total 
amount of radioactive compounds in the 
leaves than between toxicity and the 
amount of schradan metabolized, as may 
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Fic. 2.—Toxicity of technical schradan, schradan, 

and P®-jabeled schradan to larvae of Culex quin- 

quefasciatus Say after 48-hour exposure to water 
solutions in wax-paper cups. 


be seen from the partition coefficients of 
the extracted radioactive compounds be- 
tween CHCl; and N NaOH (Table 2). 
This agrees with results previously re- 
ported from citrus leaves by Metcalf & 


Table 1.—Toxicity of bean leaves to first-instar nymphs of Aphis medicaginis at various intervals 


after infiltration with schradan. 








SCHRADAN IN 
INFILTRATED 
SOLUTION 
Per CENT 
w/v) 


SCHRADAN 
IN LEAF 
TISSUE 
y/gm. 0 24 

0.0005 2.9 0 

0.005 23 15 

$2 5 
36 10 
270 
340 
470 
0.5 1950 
Water- 
infiltrated check 


24-Hour Morrauity, Per Cent 


48-Hour Mortauity, Per Cent 


Interval (Hours) After Infiltration Interval (Hours) After Infiltration 


48 72 18 72 


10 10 d 10 10 
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Table 2.—Toxicity of bean leaves to first-instar 
nymphs of Aphis medicaginis after translocation 
of schradan to leaves from stem application. 








P®-ScHRADAN 
AND METAB- 


OLITES IN PARTITION 48-Hour 

Lear Tissugr COEFFICIENT MortTALity 
+ /GM. CHC];/N NaOH — Per Cent 

180 21.9 5s 

320 24.0 65 

420 13.7 75 

530 17.9 80 

630 23.6 86 

760 24.7 88 










March (1952). The concentration of 200 
to 300 y of schradan per gm. of leaf neces- 
sary to produce 50 to 60 per cent mor- 
tality in 48 hours with Aphis medicaginis 
is somewhat higher than that reported by 
David (1951) for Aphis fabae Scop. (50 
y/gm. of bean leaf) or by Metcalf & 
March (1952) for Metatetranychus citri (20 
to 50 y/gm. of citrus leaf). They are of the 
same general order, however, when one 
considers that in our tests a single feeding 
was responsible for toxicity, and that a 
concentration of 4,000 y/gm. of citrus leaf 
has been shown to be necessary for 
toxicity to Heliothrips haemorrhoidalis 
(Bouché) (Metcalf & March 1952). 

In order to investigate the effect of 
contact with leaf tissues on infiltrated 
schradan solutions, groups of leaves were 
infiltrated with the concentrations of 
schradan, and at varying intervals of time 
their toxicity to Aphis medicaginis was 
determined. The results (Table 1) indi- 
‘ate that there is no real difference in the 
toxicity of the leaves immediately after 
and 24, 48, and 72 hours after infiltration. 
If any effect is apparent, it is a detoxifying 


Table 3.—Toxicity to larvae of Culex quinque- 
fasciatus of homogenates of bean leaves at vari- 
ous intervals after infiltration with schradan. 








SCHRADAN IN ScHRADAN INTERVAL 


INFILTRATED SCHRADAN IN LEAF ArrerR  48-Hovur 
SOLUTION tN Lear Homog-_ INFIvtra- Mor- 
Per Cent TISSUE ENATE TION TALITY 

(w/v)  .GM. P.P.M. Hours’ Per Cent 

l 33 9.9 0 0 

2 89 24 0 25 

2 77 24 0 30 

l 35 11 24 0 

2 120 31 24 55 

2 120 31 24 60 

2 63 19 72 10 
Water-infiltered 

chee - — 0 0 

Water check 0 

Schradan check - 20 — 15 
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Table 4.—Toxicity of buffer solutions of schra- 
dan incubated with mouse-liver slices to adults of 
Metatetranychus citri, and their inhibition of fly- 
brain ChE. 











INHIBITION 
Fiy-Braix 
INCUBATION WITH ScHRADAN! CuE 
Mouse-Liver IN Burrer 24-Hour Per Cent 
SLICES SOLUTION Mortauity (1X107™M 
Hours P.P.M. Per Cent ScHRADAN)! 
0.5 50 30 43 
100 60 
1 50 20 68 
100 40 
2 50 20 100 
100 40 
Schradan check 50 15 12 
100 60 
Liver check — 0 0 















1 Based on original schradan concentration in incubation 
media. 


or an evaporation effect rather than an 
activating one. Similarly, with larvae of 
Culex quinquefasciatus it was demon- 
strated that the mortality produced by a 
water solution of schradan is not signifi- 
cantly different from the mortalities pro- 
duced by homogenates of infiltrated leaves 
of corresponding schradan concentration 
immediately, 24, and 72 hours after in- 
filtration (see Table 3). 

Toxicity of Unincubated Schradan and 
of Liver-Activated Schradan.—Since it was 
impossible to show by bioassay any rela- 
tion between activation of schradan by 
plant tissues and its toxicity to insects, an 
experiment was designed in which the 
toxicity of solutions known to contain ac- 
tivated schradan could be compared with 
the toxicity of solutions of nonactivated 
schradan. The results (Table 4) show that 
the mortalities produced in Metatetrany- 
chus citri by feeding through floating wax- 
paper discs. on the surface of centrifuged 
buffer solutions of schradan activated by 
incubation with mouse-liver slices for 0.5, 
1, and 2 hours, are not markedly different 
from those obtained with corresponding 
buffer solutions of unincubated schradan. 
The mortalities obtained here also com- 
pare favorably with those obtained with 
water solutions of schradan (Fig. 1). This 
adds further evidence that small amounts 
of the active metabolite, when ingested 
with considerably larger quantities of un- 
changed schradan, are relatively unimpor- 
tant in relation to toxicity, and suggests 
that only the schradan which is activated 
in the insect is effective in producing toxi- 
city. It explains, as well, the inability of 
Ivy et al. (1950), Zeid & Cutkomp (1951), 
and Hartley (1951) to confirm the activa- 
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Table 5.—Toxicity of P**-schradan to larvae of 
Culex quinquefasciatus and absorption by live 
and dead larvae. 








ABSORPTION P®- 
ScHRADAN AND 
METABOLITES y/MG. 
Dead 
Larvae 


ps2. 

SCHRADAN 

iN WATER 
MEDIA 
P.P.M. 


Live 
Larvae 


Morta.ity 
Per Cent 





After 22 Hours 
60 45 0.13 
82 0.20 
After 44 Hours 
28 0.07 
58 0.09 
80 0.12 


0.12 
0.19 


0.06 
0.08 
0.11 





tion of schradan in plant tissues shown by 
DuBois et al. (1950), Hall et al. (1951), 
Casida et al. (1952), and Metcalf & March 
(1952), since the the former group based 
their determinations on insect bioassay, 
and the latter on in vitro ChE inhibition. 

Absorpiion and Metabolism of Schradan 
in Mosquito Larvae and Pupae.—Since we 
were unable to demonstrate by bioassay 
any increase in toxicity due to activation 
by plant or animal tissues, the amount of 
schradan actually ingested by the aphids, 
mites, and mosquito larvae was of inter- 
est. Attempts to estimate this with aphids 
and mites were unsuccesssful because of 
the small amounts ingested in the short 
feeding period and within the limits of the 
concentrations causing less than 100 per 
cent mortality. Certain observations 
along these lines were made with larvae of 
Culex quinquefasciatus, however. 

The amounts of P®-labeled schradan 
ingested and absorbed from water solu- 
tions by living and dead larvae after 22 
and 44 hours of exposure are given in table 
5. These results show that both living and 
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dead larvae contain amounts of schradan 
proportional to the concentration of 
schradan in the test solution and to the 
consequent mortality. Information re- 
garding the metabolism of schradan in 
living and dead larvae was obtained by 
exposing larvae to a concentration of 60 
p.p.m. of schradan, sacrificing larvae at 
intervals, and determining the partition 
of the extracted schradan and metabolites 
between CHC); and N NaOH. Results of 
this experiment (Table 6) show that in a 
24-hour period the larvae absorbed in- 
creasing amounts of schradan with time 
and transformed it into metabolites parti- 
tioning in favor of the NaOH almost as 
rapidly as it was absorbed. Even at the 
sarliest sampling time, very little intact 
schradan was recovered in the CHCl;. To 
determine the relative importance of in- 
gestion, as compared to absorption 
through the cuticula, pupae were exposed 
to a solution of 100 p.p.m. of P*-labeled 
schradan, and the absorbed schradan was 
determined after 24 and 48 hours as shown 
below. The results show that the schradan 


Contact with 
P®-Schradan 
Solution 
(100 p.p.m.) 
Hours Total CHCl N NaOH 
24 0.001 — — 
48 0.003 0.0006 0.002 


Absorption P®-Schradan 
and Metabolites y/mg. 


was absorbed in the pupae only in very 
small amounts in comparison with the 
amounts found in the larvae, and that the 
absorbed schradan was again rapidly 
metabolized. This may indicate that the 
principal mode of entry into the larvae is 
by ingestion. 

SUMMARY AND ConcLusions.—Schra- 
dan is appreciably toxic by direct contact 
or ingestion to first-instar nymphs of 


Table 6.—Absorption of P®-schradan by larvae of Culex quinquefasciatus and partition between 
CHCl; and N NaOH at various time intervals. 








CONTACT 
WitH P®. 
SCHRADAN 


ABSORPTION P®-SCHRADAN AND METABOLITES y/MG. 





SOLUTION 


Live Larvae 
(60 P.P.M.) a insane 


Dead Larvae 





Hours Total CHCl, 


N NaOH Total 
0.002 
0.008 
0.034 
0.046 
0.038 
0.145 


CHCl; N NaOH 


0.5 0.005 0.000 
0.009 0.001 
0.048 0.000 
0.057 0.003 
0.095 0.000 
0.152 0.003 


0.020 
0.062 
0.104 


0.002 
0.000 
0.010 


0.007 
0.032 
0.086 
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Aphis medicaginis Koch, to adults of 
Metatetranychus (Paratetranychus) citri 
(McG.), and to third- or fourth-instar 
larvae of Culex quinquefasciatus Say. No 
real differences could be shown by bio- 
assay between the toxicity of schradan to 
these species and the toxicity of compar- 
able amounts of schradan after exposure 
to the activating processes of plant or 
animal tissues. These experiments indi- 
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cate that small amounts of the active 
metabolite, such as may be produced in 
plant tissues, when ingested together with 
considerably larger quantities of un- 
changed schradan, are of little or no im- 
portance in relation to toxicity; and that 
unchanged schradan is metabolized in the 
insect to other compounds including an 
active metabolite which is responsible for 
toxicity. 
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Experiments on Control of Georgia Peach Pests in 1953 


Outver I. Snapp, Entomology Research Branch, Agr. Res. Serv., U.S.D.A+ 


The results of investigations on the con- 
trol of the plum curculio, Conotrachelus 
nenuphar (Hbst.), and the peach tree 
borers Sanninoidea exitiosa (Say) and 
Synanthedon pictipes (G. & R.) carried ou 
at Fort Valley Ga., during 1953 are re- 
ported herein. 

Prum Curcuiio.—Field experiments 
with insecticides applied with hydraulic 
sprayers. Two series of experiments with 
new insecticides for plum curculio control 
were carried on under commercial orchard 
conditions—one in large plots and the 
other in single-tree plots. All applications 
were made with a standard hydraulic 
sprayer. The methods followed have been 
outlined in earlier papers (Snapp 1947, 
1952). Several schedules were used, as 
follows: 

A—Dieldrin at petal fall and shuck off; parathion 

2 weeks after shuck off, and 4 and 2 weeks 
prior to harvest. 

B—Dieldrin at petal fall, shuck off, and 2 weeks 
after shuck off; parathion 4 and 2 weeks prior 
to harvest. 

C—Parathion or EPN at petal fall, shuck off, 2 
weeks after shuck off, and 4 and 2 weeks prior 
to harvest. 

1)—Lead arsenate at petal fall, shuck off, 2 weeks 
after shuck off, and 4 weeks prior to harvest. 

In the large-plot experiments dieldrin 
and parathion in two split schedules, 
arathion, EPN were c ared witl 
parathion, and EPN were compared with 
lead arsenate on Early Hiley peaches. 
There were four replicates of each treat- 
ment in a randomized setup of plots, each 
of which contained 36 trees. The insecti- 
(wettable-powder — formulations 
only) and schedules used and the results 
obtained are shown in table 1. The num- 
ber of first-generation adults following 
treatment with the organic insecticides 
ranged from 0.06 to 0.19 per tree as com- 


cides 


pared with 2.31 after treatment with lead 
arsenate. 

In the single-tree plots a number of 
materials were tested on the Sullivan’s 
(Early) Elberta variety. There were eight 
replicates of each treatment and a check 
in a randomized setup. The first five treat- 
ments were the same as those used in the 
large-plot experiments (Table 1). The in- 
secticides (wettable-powder formulations 
unless otherwise indicated) and schedules 
used and the results obtained are shown in 
table 2. 

Residue analyses made by the Division 
of Insecticide Investigations of the former 
Bureau of Entomology and Plant Quaran- 
tine at Beltsville, Md., and Vincennes, 
Ind., showed no aldrin, heptachlor, or en- 
drin and in one case no dieldrin residue on 
peaches that received these materials 4 
weeks prior to picking. The dieldrin res- 
idue on the harvested peaches that re- 
ceived that material in other schedules 
ranged from 0 to 0.4 part per million. The 
CS-708, CS-728, and methoxychlor resi- 
dues on peaches at harvest averaged 0.4, 
0.3, and 1.1 parts per million, respectively, 
where the last application was made 4 
weeks prior to harvest. 

The flavor of fresh ripe peaches was not 
affected, and there appeared to be no in- 
jury to fruit, foliage, buds, budwood, or 
any part of the trees from the organic in- 
secticides. Lead arsenate, with safener 
of zinc sulfate and hydrated lime in 
the standard four-application schedule, 
caused a little injury to the peaches and 
moderate foliage injury, with light de- 
foliation by July 31, after which the or- 


! Julius P. Hollen assisted with the experiments reported in 
this paper. 


Table 1.—Results of experiments on large plots for the control of the plum curculio on peaches 





Droprep Fruit 


Apr. 20-29 Per CENT OF 


NUMBER -—— INFESTED 

MATERIAL or APPLI- Per Cent FRUIT AT 

(PouNnpbs PER 100 GALLOoNs) CATIONS SCHEDULE Number Infested HARVEST 
Dieldrin (25%) 1+parathion (15%) 2 2+3 A 106 0.9 0.2 
3+2 B 98 $.1 0.0 
Parathion (15%) 2 5 ; 117 $.3 ‘:4 
EPN (25%) 14 § C 131 +.6 0.1 
Lead arsenate 2 t D 265 47.2 4.4 
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Table 2.—Results of experiments on single-tree plots for the control of the plum curculio on 





peaches. 








MATERIAL 
(PouNpDs PER 100 GALLONS) 


Dieldrin (25%) 1+parathion (15%) 2 


Parathion (15%) 2 
EPN (25%) 13 
Lead arsenate 2 
Dieldrin (25% 
Dieldrin (25%) 


9 
2+parathion (15%) 2 
Aldrin (25%) 2 
Heptachlor (25%) 2 
CS-708 (25%) 2 
Methoxychlor (50%) 2 
Endrin (18.5% Em) 1 qt. 
CS-728! (25%) 2 
Check-untreated 


NUMBER OF 
APPLICATIONS 


Per CENT OF 
INrESTED Frvuit 
SCHEDULE av HARVEST 


A 0 


2+3 
3+2 B 0.4 
5 . rl 
5 ¢ 4 
4 D 3.1 
} D 0 
2+ A 2 
3+2 B 0 
+ D 2 
+ D 5 
t D 1.9 
4 D 1.5 
$ D .6 
4 D 7 
7.5 





1 1-p-chloropheny]-2-nitro-1-phenylbutane. 


chard was pulled out and no further ob- 
servations were possible. 

Comparison of concentrated and dilute 
sprays.—Field tests for comparing a con- 
centrated spray applied with a_ mist 
blower with a dilute spray applied with a 
conventional power sprayer were con- 
tinued in 1953. The mist blower for this 
work was provided by the Department’s 
White-Fringed Beetle Control Project at 
Macon, Ga. It was a turbine blower 
equipped with a 4-cylinder 31-hp. engine 
and a single fish-tail discharge unit con- 
taining four 23-inch nozzles. The concen- 
trated spray was four times as strong as 
the dilute spray and one-fourth as much 
was applied per tree. With both sprayers 
parathion was applied according to sched- 
ule C. The results are given in table 3. 

Cage tests—The results of cage tests of 
new insecticides, by methods previously 
outlined (Snapp 1947), may be summa- 
rized as follows: 

Diazinon,? 25 per cent, at 2 pounds of a 
wettable powder per 100 gallons, caused 


no mortality of overwintered plum cur- 
culio adults for 24 hours, but killed 72 per 
cent within 4 days, 80 per cent within 6 
days, and 88 per cent within 8 days, after 
which no further mortality occurred. At 
4 pounds per 100 gallons, that spray killed 
68 per cent of overwintered adults within 
4 days. The residual value of Diazinon was 
poor. When 4 pounds of a wettable pow- 
der containing 25 per cent Diazinon was 
used per 100 gallons of water, and the de- 
posit was allowed to weather for 4 days 
before overwintered beetles were exposed 
to it, this material killed only 4 per cent 
within 4 days, 44 per cent within 7 days, 
and 56 per cent within 10 days, after 
which there was no further mortality. 
Malathion, 25 per cent, at 2 and 4 
pounds per 100 gallons of a wettable pow- 
der killed all overwintered adults within 
24 hours, and at 2, 3, and 4 pounds per 
100 gallons it also killed within 3 days all 
newly hatched first-generation adults ex- 


2 0,0-diethyl 0-(2-isopropy]-6-methyl-4-pyrimidiny] thiophos 
phate. 


Table 3.—Results of orchard experiment to compare effect of method of applying parathion on 


control of the plum curculio. 








Droprep Fruit 
APR. 20-29 


Pounps oF 15% 
PARATHION PER 
SPRAYER 100 GALLONS 


Number 


Conventional Q 117 
Mist blower 337 








NUMBER OF 
First-GENERA- Per CENT 
TION ADULTS or Fruit 
PER TREE AFTER  INFESTED A1 
TREATMENT HARVEST 


Per Cent 
Infested 

1.3 0.19 
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osed to it 24 hours after application. 

\lalathion displayed fairly good residual 
ffectiveness against both overwintered 
nd first-generation adults. At the 2- 
ound strength and after weathering 6 
days, it killed all overwintered adults 
vithin 2 days, but after it had weathered 
S days it killed only 52 per cent within 
5 days, 76 per cent within 6 days, and 84 
per cent within 10 days. When used 
against new first-generation adults and 
allowed to weather 4 days, it killed all the 
insects within 3 days, but after it had 
weathered 7 days it killed only 14 per cent 
within 1 day and 72 per cent within 5 
days, after which there was no further 
mortality. 

The residual effectiveness of parathion, 
15 per cent at 2 pounds of a wettable pow- 
der per 100 gallons was nearly as good as 
that of malathion at 4 pounds against new 
first-generation adults. 

Soil insecticides.-The 1952 studies of 
aldrin and dieldrin as soil insecticides for 
plum curculio control (Snapp 1953) were 
continued in 1953. The same soils were 
used without the application of additional 
insecticides. There were two replicates of 
each treatment; in each replicate 223 cur- 
culio larvae were allowed to enter the soil 
between April 23 and May 20. The emer- 
gence of adults from soils receiving each 
treatment was as follows: 


Insecticide 


(Pounds per Acre) Per Cent 
Aldrin 2 0.2 
t 0 
Dieldrin 2 1.4 
4 Py 
Check (untreated) 47.8 


Some of the adults that emerged in spite 
of the treatments may have been affected 
by the treatments. 

In experiments initiated in the spring of 
1953, heptachlor and isodrin worked into 
the soil were also very effective against 
immature stages of the plum curculio. Not 
a single adult emerged where a 25 per cent 
heptachlor wettable powder and only 0.5 
per cent where a 5 per cent isodrin dust 
had been worked into the soil at a rate to 
provide 4 pounds of the toxicant per acre. 

Peacu TREE Borer.—Orchard experi- 
ments.—Three of the new insecticides 
were tested as trunk sprays in comparison 
with two fumigant treatments of emul- 
sions applied to the soil at the base of the 
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tree. The experiments were duplicated in 
orchard blocks, one 2 years and the other 
5 years old. From 22 to 25 trees were in- 
cluded in each treatment. The trunk 
sprays were applied four times—on Au- 
gust 1 or 4, September 2 or 3 and 26, and 
October 23—and the emulsions on October 
24 and 27. The treatments used and re- 
sults are given in table 5. 


Table 5.—Results of experiments to control the 
peach tree borer. 





Noumser or Live 
Borers per TREE 


on TrEES— 
2 years 5 years 
TREATMENT old old 
Trunk sprays (pounds per 100 gallons): 
BHC (10% gamma) 4.8 0 0.12 
DDT (75%) 5} 0 68 
Parathion (15%) 2 0 75 
Emulsions (pints per tree): 
Ethylene dichloride 
15% 1 04 
20% } 32 
Trichlorobenzene (1.5%) } o 
4 04 
Check (untreated) .36 7.70 





1 Only 10 trees used for this treatment. 


Treatment of nursery stock.—Two wet- 
table-powder formulations of BHC and 
one of parathion were applied to the 
trunks of peach nursery stock growing in 
rows on July 1 and 31, September 1, and 
October 1, 1952. Stock dug on January 6, 
1953, was infested as follows: 


Per Cent of 
Trees Infest:d 


Wettable powder 


(Pounds per 100 Gallons) 
BHC 6% gamma8_ ) 
or 0 


10% gamma 4.8! 


Parathion 15% 3 3.4 
None 5.2 
Lesser Peacn Tree Borer.—Injured 


areas of peach trees heavily infested with 
the lesser peach tree borer were sprayed 
with DDT, BHC, or parathion wettable 
powder on Arpil 17, May 16, August 15, 
and September 15, 1952. The average 
numbers of live borers per area on Feb- 
ruary 9, 1953, were as follows: 

Number of Live 

Borers per 


(Pounds per 100 Gallons) Treated Area 


DDT (75%) 53 2.5 
BHC (6% gamma) 8 1.6 
Parathion (15%) 3 0.8 
None $:2 
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The Ovicidal Action of Parathion in Control 
of the Peach Tree Borer! 


E. H. Smiru and A. W. Avens, New York State Agricultural Experiment Station, Geneva 


Investigations were initiated in 1949 
to develop a control program effective 
against the peach tree borer and the lesser 
peach tree borer. These efforts culminated 
in the adoption of a program requiring 
three sprays of parathion (w.p.) applied at 
the rate of 2 pounds of the 15 per cent 
material per 100 gallons (Smith 1951, 
1952). Much of the effectiveness of the 
program was due to ovicidal action. The 
toxicant affected eggs later deposited on 
the treated surface, as well as_ those 
sprayed directly at the time of treat- 
ment. The combined contact and residual 
action provided a longer period of effec- 
tiveness than was possible through larvi- 
cidal action alone. The employment of 
sprays as ovicides against these species 
raised several questions. One of these 
dealt with the location of eggs on the tree 
in respect to spray coverage required for 
maximum effectiveness. Another question 
concerned the duration of residual effec- 
tiveness and exposure time required for 
ovicidal action. The present report covers 
investigations relating to these topics. 

Location oF Eaes.—The location and 
distribution of eggs acquires added sig- 
nificance in employing ovicidal treat- 
ments. The object of the present study 
was to provide data useful as a guide in 
determining spray coverage requirements. 

Eggs of the lesser peach tree borer are 
deposited along the margin of wounds 
occurring on any part of the bark, chiefly 
on scaffold branches. By contrast, eggs of 
the peach tree borer are deposited chiefly 
on the trunk. Control of lesser peach tree 
borer eggs poses no special problem. The 
borer sprays serve a dual role, being effec- 
tive against pests of fruit and foliage as 
well. In applying foliage sprays adequate 
coverage of scaffold branches generally 
occurs. On the other hand, thorough 


coverage of the trunk is not incidental in 
applying foliage sprays using either hand 
guns or air blast equipment. The degree 
of trunk coverage required would be indi- 
cated by the distribution of eggs. 

The location and distribution of eggs of 
the peach tree borer have been investi- 
gated by a number of workers (Becker 
1918, Snapp & Thompson 1943). The 
method commonly employed in_ these 
studies has been to observe the site of ovi- 
position selected by moths in the field. 
This method has led to the general con- 
clusion that eggs are deposited chiefly on 
the trunk, and to a lesser extent on debris 
near the trunk and on leaves and higher 
branches. It seems likely that only larvae 
arising from eggs deposited on the trunk 
stand a reasonable chance of becoming 
established. For this reason, the present 
study was restricted to eggs deposited on 
the trunk. 

Methods.—Trees were selected for study 
which were relatively uniform in size and 
borer infestation, as well as freedom of 
trunks from cankers and other injuries. 
The trunk area was marked off in three 
sections, from soil level to 6 inches above, 
from 6 to 12 inches, and 12 inches and 
above. Bands of tape were fastened 
around the trunk at these points, and the 
total eggs counted in each section. Eggs 
were located by careful visual inspection 
using a visor- type magnifying lens. After 
being counted, eggs were removed with 
the point of a scalpel. Counts were made 
when oviposition was approximately 50 
per cent completed and again at comple- 
tion. Locating eggs was more difficult on 
trees having rough bark, and this fact 
might have introduced slight error. How- 
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Table 1.—The distribution of peach tree borer eggs on the trunk! of 30 host trees. 








» 
4 


NuMBER OF EaGs AND Location ABOvE Sort LEVEL 





Circum- 
FERENCE Hereur 
TYPE or TRUNK or TRUNK 
TREE (In.) (IN.) 

Peach, 5 yr. 16 16 
17 17 
14 25 
15 18 
15 19 

15 17 
14 19 

18 21 
19 20 
18 18 

Average per tree 

Per cent of total 

Peach, 20 yr. 21 25 
30 27 

29 25 

28 25 

31 21 

28 23 

27 18 

31 22 

25 24 

29 18 

Average per tree 

Per cent of total 

Prune, 15 yr. 28 26 
26 24 

24 24 

31 24 

22 27 

23 24 

20 23 

20 25 

20 25 

23 23 


Average per tree 
Per cent of total 














0-6 In. 6-12 In. 12 In.-Up Total 
153 38 6 197 
63 12 0 75 
119 23 6 148 
37 21 13 71 
128 24 1 153 
59 10 2 71 
77 ll 2 90 
136 59 19 214 
60 10 1 71 
119 22 16 137 
95.1 23.0 6.6 124.7 
76 19 5 
89 19 3 111 
46 17 2 65 
97 53 62 212 
326 51 5 382 
194 35 22 251 
68 11 7 86 
130 64 15 209 
211 76 26 313 
189 37 21 147 
170 +4 18 232 
142.0 40.7 18.1 200.8 
71 20 9 
52 9 20 81 
90 39 17 146 
284 106 63 453 
98 3 7 108 
80 8 4 92 
168 23 + 195 
186 13 13 212 
117 10 4 131 
119 5 2 126 
179 46 2 227 
137.3 26.2 13.6 177.1 
77 1 8 





' Trunk divided into 6-inch sections beginning at soil level. 


ever, the method is believed to be well 
adapted to this study. 

Among host trees of the peach tree 
borer the condition of the trunk surface 
varies according to the species and age of 
trees. Prune trees, for instance, have rel- 
atively smooth bark, as do young peach 
trees, whereas the bark of older peach 
trees is rough. It was thought that the 
condition of the bark surface might influ- 
ence the oviposition habits of the moths. 
With this possibility in mind, observa- 
tions were made on two groups of peach 
trees, 5 and 20 years old, and on 15-year 
old prune trees. Counts were made on 10 
trees of each group. 


Results —The results of these counts 
are given in table 1. The method of mark- 
ing trunks and location of eggs on a typ- 
ical five-year old peach tree is illustrated 
in figure 1. The distribution of eggs was 
strikingly uniform among individual trees 
in each group, as well as for different age 
groups. In all cases over 70 per cent of the 
eggs were located within 6 inches of the 
soil level. This portion of the trunk is most 
difficult to cover, as low-hanging branches 
and vegetation often shelter it. The im- 
portance of modifying existing spray prac- 
rices to insure adequte coverage of this 
portion of the tree is obvious. 

Discussion.—-Aside from the primary 
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Fic. 1.—Showing location of peach tree borer eggs 
on trunk of typical five-year old peach tree. Tape 
placed at 6-inch intervals on trunk. Map tacks in- 
dicate individual eggs. 
objective of this study, the data obtained 
raised a question pertaining to the biology 
of the species, namely, the deposition of 
eggs under natural conditions. The num- 
ber of eggs deposited by female moths has 
been estimated by various workers at 400 
to 600 per female (Gossard & King 1918, 
Snapp & Thompson 1943). These findings 
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were based on records of oviposition by 
moths confined in insectaries or on host 
trees. Field studies of the habits of moths 
in ovipositing have led to the conclusion 
that approximately 85 per cent of the 
eggs are deposited on the trunk (Becker 
1918). Based on the number of eggs pro- 
duced and the high proportion presum- 
ably deposited on trunks, the records ob- 
tained in this study by actual count ap- 
pear to be low. The average number of 
moths emerging from the 5-vear old trees 
based on collection of pupal cases from 
25 trees was 6.8, or 3.4 females per tree, 
assuming an even sex ratio. Dividing the 
total number of eggs per trunk, 125.7, 
by the number of females per tree, one 
arrives at 36.9 eggs per female. This num- 
ber is strikingly disproportionate to the 
expected number based on records cited 
earlier. This discrepancy suggests several 
possibilities: (1) The direct counting 
method is not adapted to such studies; 
(2) Moths under natural conditions pro- 
duce less eggs than have been assumed 
from records of moths in confinement; (3) 
The proportion of eggs deposited on the 
trunk is less than has been assumed from 
observations of moths under natural 
conditions. While some error in direct 
counting is recognized, it is believed to be 
of much smaller magnitude than could ac- 
count for these differences. ‘The prelimin- 
ary data presented here are insufficient to 
elucidate these questions but serve to in- 
dicate the need of further biological 
studies. 

ResipuAL EFFECTIVENESS AND Dura- 
TION OF ExposurE.—-While parathion 
sprays have been employed as ovicides, 
the duration of residual effectiveness and 
exposure time required for ovicidal action 
has not been known. Tests were con- 
ducted during 1952 and 1953 to determine 
these points. 


Table 2.—The control of peach tree borer eggs 
exposed to parathion residues for various periods. 





Per Cent CONTROL 


EXPOSURE Age of Residue (Days) 
‘TIME 
(Days) 2 5 8 


19 24 0 
67 59 21 
100) 100 1S 
100 100 100 
100 100 100 








SQ. CM. 


MICRO GRAMS PER 100 


October 1954 


Methods.—A 7-year old Elberta peach 
orchard was selected for this study. 
frees were sprayed using a single gun 
‘rom a standard hydraulic rig operated at 
100 pounds pump pressure. Thorough 
coverage of foliage, trunks and branches 
was obtained by sprays directed from a 
low platform at the rear of the rig. Para- 
thion (w.p.) was used at the rate of 2 
pounds of 15 per cent material per 100 
gallons of water. Samples of leaves and 
hark were collected at intervals following 
spraying for residue determinations. Leaf 
samples consisted of 100, {-inch discs 
punched from mature leaves collected at 
random. Bark samples were obtained by 
cutting out suitable branches having a 
diameter of approximately 1 inch from 
which 6-inch sections were selected. Res- 
idues were removed from bark and leaf 
samples with benzene and determined 
photometrically (Averell & Norris 1948). 
Newly emerged, mated moths were caged 
individually on the tree trunks at inter- 
vals after spraying. Sufficient eggs to pro- 
vide the necessary samples were generally 
deposited during the first day after which 
moths were transferred to paper bags. 
The eggs deposited upon the paper served 
as checks in establishing the duration of 
the incubation period. Over 50 moths 
were handled in this manner during the 
course of the study. At intervals during the 
incubation period, which lasted 12 or more 
days, a sample of eggs generally number- 
ing from 30 to 50 was removed from con- 
tact with the sprayed surface. Eggs were 
removed from the tree trunk by cutting 
away portions of the bark to which they 
were attached. The pieces of bark bearing 
eggs were brought to the laboratory and 
with the aid of a binocular microscope 
the eggs were teased from the bark with a 
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Fic. 2.—Showing the rate of weathering of parathion 
residue on bark and leaves. Broken line indicates 
break in ovicidal effectiveness of bark residue. 
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needle point. Eggs were placed in watch 
glasses and held in an insectary until com- 
pletion of the incubation period. The per 
cent hatch was determined by examining 
the eggs under a binocular microscope. 
The total samples collected and examined 
represented approximately 5000 eggs. As 
the fertility of eggs of this species is high, 
over 95 per cent, no allowance for natural 
mortality was made. 

Results-—The control obtained from 
the residues of various ages and exposure 
periods are summarized in table 2. Some 
mortality occurred from all exposures of 
2 days on residues less than 8 days old. 
Thereafter, 4 or more days were required 
to cause mortality. Complete mortality 
occurred after 6 days’ exposure to the 
heaviest residue. The effectiveness of the 
5-day residue was slightly higher than 1- 
and 2-day old residues. The reason for this 
difference is not apparent but could pos- 
sibly be due to the influence of rainfall 
during the period. The sharp break in 
residual effectiveness is striking. The 13- 
day old residue gave complete control of 
eggs exposed for 10 days, while the 23- 
day old residue gave no control. Aside 
from the primary object of this experi- 
ment, these observations indicated that 
parathion residues were not highly effec- 
tive against moths. Only in cases where 
moths were caged on trees shortly after 
spraying was their longevity affected and 
in these cases some eggs were generally 
deposited before death. 

Residue studies.—The rate of weather- 
ing of the residue on bark and leaves is 
shown in figure 2. The difference in initial 
deposit on the two surfaces is striking, 
bark being over three times as heavy. In 
considering the effect of bark residue on 
eggs, no sharp change in deposit accom- 
panied the break in effectiveness occurring 
between 13 and 23 days. This fact sug- 
gests that while a relatively high deposit 
of the toxicant remained, it was held on 
the bark in a manner which rendered it 
ineffective against the eggs. A comparison 
of data obtained in 1952 under similar ex- 
perimental conditions indicated the influ- 
ence of rainfall on the rate of weathering 
of residue on leaves and bark. The data 
for the two seasons are given in table 3. 
The 1953 leaf residue was greatly reduced, 
presumably due to rainfall, although ini- 
tial deposits were approximately equal. 
The greatest difference in the rate of 
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Table 3.—Residues on peach bark and leaves 
following application of spray at the rate of 2 
pounds of 15 per cent parathion (w. p.) per 100 
gallons. 











Tora 
PRECIPITATION 
hs —_— AccUMULATIVE 


Days Leaves Bark (Incuks) 
AFTER = - - 
SPRAYING 1952 1953 1952 1953 1952 1953 

Oo 160 159 — 480 0.78 
1 938 15 354 328 
2 10 249 
+ $2 181 282 O81 
5 6 
7 24 167 - 1.57 
9 3 - 180 

12 4.5 124 1.45 3.12 

15 ~ —_— 102 2.40 

19 3.5 - 80 2.44 

22 115 2.46 

26 80 

29 79 3.81 

34 60 ~ + 3.15 

36 53 

40 61 

48 38 4.56 3.86 





1 Samples taken immediately after drying. 


weathering took place during the first 
24 hours. Apparently, the 0.78 inch of rain 
which fell during this period accounted 
for the sharp drop in residue compared 
with the loss during the same period in 
1952. The loss of residue from bark was 
little affected by rainfall. In fact, less 
weathering took place in 1953 when heav- 
iest precipitation occurred early in the 
period. However, the effectiveness of the 
remaining residue might have been re- 
duced by the washing effect of the rain. 
The period of residual effectiveness in this 
test appeared to be less than in previous 
years. This fact might be due to differ- 
ences in age of trees, the older bark sur- 
face presumably taking a heavier deposit. 
Similar tests conducted earlier (Smith 
1952) in a 12-year old peach orchard re- 
sulted in 93 per cent control efficiency of 
eggs laid during the course of the season. 
Such a high degree of control required a 
longer period of residual effectiveness 
than that determined in the 1953 test. 
Unfortunately, residue data were not 
taken in the earlier test. Whether this 
apparent variation was due to differences 
in initial deposit as influenced by age of 
bark or to rate of weathering is not clear 
from the data at hand. 

Discussion.—The data presented here 
demonstrated that a lethal effect was in- 
duced through exposures varying from 2 
to 6 days. In all cases where mortality 
occurred, the embryo developed appar- 
ently normally to the point of hatching 
but failed to emerge. Movement by fully 
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developed embryos could be observed 
through the chorion for several days after 
the normal hatching time. Such embryos 
when artifically removed from the chorion 
were incapable of normal activity and 
died shortly. These observations pose the 
question, when did the lethal effect of the 
toxicant occur. Conceivably, the action 
of the toxicant might be continuous 
throughout the period of incubation. This 
would imply that the egg became con- 
taminated with the toxicant through con- 
tact with the sprayed surface. This seems 
unlikely as the eggs were not sprayed 
directly and rain which could account for 
redistribution of the toxicant did not 
occur during the period of exposure in 
many cases. The separation of the egg 
from the bark at the point of contact was 
clean, leaving virtually no adhering par- 
ticles from the sprayed surface. Even if 
minute quantities of the toxicant did 
adhere, it seems unlikely that they would 
continue to be effective during the remain- 
ing 8 to 10 days of the incubation period. 

Another possibility is that the volatile 
components of the toxicant gained entry 
to the egg in the gaseous exchange of the 
respiratory process. In any event, devel- 
opment of the embryo proceeded after 
termination of exposure to the toxicant 
but failed to hatch. 

As all exposures in this test began at the 
time of oviposition, it was not apparent 
whether susceptibility varied with the 
stage of embryonic development. If the 
toxic action of parathion as an ovicide 
was due to inactivation of cholinesterase 
as has been established in the case of 
hatched forms, susceptibility would be 
expected to vary in relation to the occur- 
rence of cholinesterase. Its appearance in 
the embryo and its role in susceptibility 
provide likely areas of investigation in 
attempting to explain the results re- 
ported here. 

SumMary.—The distribution of peach 
tree borer eggs on the trunks of host trees 
was determined. It was found that irre- 
spective of age and species of the host 
trees, over 70 per cent of the eggs on the 
trunk were deposited within 6 inches of 
the soil level. This fact emphasized the 
importance of modifying spray practices 
to insure adequate coverage. 

The duration of residual effectiveness of 
parathion sprays and exposure period 
necessary for ovicidal action against eggs 
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if the peach tree borer were determined. 
ark residues were found to be higher ini- 
‘ially and to weather slower than leaf 
residues. A single parathion spray pro- 
vided residual effectiveness for over 13 
days following application. Exposures of 
) to 6 days were required to cause mortal- 
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ity of eggs deposited on the sprayed sur- 
face. In all cases where mortality occurred 
the embryos developed apparently nor- 
mally to the point of hatching but failed 
to emerge from the chorion. The manner 
in which residues exerted ovicidal toxicity 
was briefly considered. 
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Vinegar Fly Investigations in Northern California 


A. FE. Micuetpacuer and W. W. Mippiekaurr, University of California, Berkeley 


The vinegar fly, Drosophila melano-ggvested peach orchards. It is also interest- 


gaster Meig., has proved to be a trouble- 
some pest to processors of tomato prod- 
ucts. Wherever these flies are present in 
large numbers they are likely to result in 
the contamination of tomato products due 
to egg deposition in cracks and crevices of 
tomato fruits. The fly is not only a pest 
about processing plants but also presents 
a serious problem in the field. (Ditman et 
al. 1936, Pepper et al. 1953, Michelbacher 
et al. 1953, Bickley & Ditman 1954). At 
the request of the canning industry an in- 
vestigation on the habits and control of 
this insect in the field was undertaken. 
The following report covers the studies 
conducted during 1952 and 1953. 

The vinegar fly infestations in tomato 
fields in 1953 were not in general as serious 
as those encountered in 1952. However, in 
some fields large populations developed 
and the danger of serious contamination 
of the tomato crop was ever present when 
conditions favorable for egg deposition 
existed. In 1953 extensive ecological and 
control investigations were undertaken 
after the first of October. Prior to this 
time observations were made which indi- 
cated that where favorable conditions ex- 
isted the insect reached annoying numbers 
in tomato fields between September 15 
and October 1. The sources of these flies 
for the most part conceivably rose from 
individuals that migrated from earlier har- 


ing to note that late in the season swarms 
of flies were to be found in melon fields. 

PopuLaTion DETERMINATION.—Inves- 
tigations in 1952 showed that relative fly 
abundance could best be determined by 
placing in the center of tomato vines a 
number of ripe tomatoes that had been 
slit vertically for approximately 1.5 inches 
on either side and then counting the fly 
eggs after a specific time interval. 

Before placing the tomatoes at a sta- 
tion, enough pressure was exerted on them 
to cause the slits to open slightly. Flies 
oviposit readily on the flesh on either side 
of the slit, and the eggs can be counted by 
cutting out the sections and examining 
them under a _ binocular stereoscopic 
microscope. This is the method used in 
determining relative fly abundance. It was 
also utilized in studying the oviposition 
habits of the flies throughout the day, and 
is of value in investigating fly activity in 
boxes and other environments. 

In all cases where the slit tomato meth- 
od was used in the field, at least 10 sta- 
tions were established in any given treat- 
ment. Each station was numbered and 
marked with a stake so that oviposition 
trends for a given station during the 
course of an experiment could be com- 
pared. 

ADULT 
FrELDs. 


Fry <Activiry «x Tomato 
‘There are a number of factors 
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that influence activity of adult flies. Im- 
portant among the physical factors are 
temperature, light intensity and air move- 
ment. 

Little activity of flies can be expected 
when the temperature drops to 13° C. or 
lower. This was amply demonstrated in 
1952 and again during 1953. Also, in both 
years it was observed that flight was re- 
stricted by wind, and during periods of 
considerable air movement the flies were 
not observed flying. 

When it is calm, and favorable temper- 
ature conditions prevail, light intensity ap- 
pears to be the most important factor that 
influences flight. It was observed in 1952 
that maximum activity occurred when the 
light intensity was low, although in dark- 
ness the flies settle down. During the 1953 
season an attempt was made to measure 
the upper limit of light intensity at which 
flies were active. Readings were made 
with a Weston light meter. In order to 
standardize readings a sheet of 8.5- by 11- 
inch white bond paper was placed on the 
bottom of a picking box. The meter was 
held 3 feet from the paper and in taking 
readings the box was tilted so that the 
paper was perpendicular to the rays of 
the sun. Under these conditions it was 
found that the flies were stimulated to 
flight when the light intensity dropped to 
a reading of somewhere between 125 and 
150. It is worthwhile to note that the 
taking of readings on a white background 
gives a much higher figure than that 
which is obtained if a reading is taken 
across the field. By the time conditions 
are favorable for flight, the light intensity 
has dropped below a level suitable for the 
taking of colored pictures. The light in- 
tensity for flight is that which occurs at 
about the time the sun touches and sinks 
below the horizon. It was also observed 
that during periods of flight the flies 
tended to move against the wind. 

Because of low temperatures prevailing 
during the experimental period, it was not 
possible to determine the light intensity 
at which flight ceases in the morning. Dur- 
ing the entire period that the study was 
conducted in 1953, morning temperatures 
remained well below 13° C. until consid- 
erably after the light intensity became too 
high for flight. 

The weather conditions as they existed 
in late season were not favorable for a 
maximum movement of flies to boxes of 
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picked tomatoes in the field. The onl) 
serious migration that occurred was dur 
ing late afternoon and evening on caln, 
days when both temperature and ligh| 
intensities were favorable for flight. Dur 
ing these periods flies sometimes swarme 
in countless numbers into the boxes. 
Although no careful study of fly move 
ment into picked boxes was conducted 
other than during flight periods, it is ver) 
probable that some migration occurs at 
other times. Minor activity of the flies 
probably leads to rather serious contami- 
nation at times of the lower boxes in the 
stacks. Observations were made that 
would indicate that this was the case 
particularly where boxes are stacked in 
areas where a high population occurs. 
ATTRACTION OF ADULT FLIEs To Barts. 
—Several experiments were conducted in 
which the attractiveness of baits to adult 
flies was studied. Baits were placed in 3- 
ounce Dixie cups to a depth of about 3 to 
? inch. The baits studied were a tomato- 
veast, tomato, melon-yeast and melon. 
The yeast baits were made by adding a 
small quantity of yeast suspension to the 
macerated tomato and melon the night 
before they were used. The melon baits 
were made from the honeydew variety. 
In the following experiment eight stations 
were established in a heavily infested to- 
mato field and one container of each bait 
was placed at each station. The attrac- 
tiveness of the baits was studied October 
28 and 29. The baits were examined every 
half hour during the day, and after the 
flies were counted the cups were tapped or 
otherwise disturbed to frighten the flies so 
they would leave. The results obtained 
are graphically shown in figure 1. Some 
flies were attracted to the baits through- 
out the daylight hours when the tempera- 
ture was higher than 13° C. However, the 
baits were most attractive in late after- 
noon when the light intensity was most 
favorable for flight. The baits to which 
veast was added were the most attractive, 
but the attractiveness of baits made from 
natural foods is ever changing. This is 
evident by the fact that on October 28 
the tomato-veast bait was the most at- 
tractive, while on the 29th the melon- 
yeast bait attracted the most flies. 
Further, by the end of the day on October 
29, the plain tomato bait was outdrawing 
the tomato-veast bait. This ever-changing 
attractiveness of baits is in substantiation 
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hic. 1.—Comparative effectiveness of several baits in attracting vinegar flies. Open circle solid line, tomato 


with yeast; 


solid circle, plain tomato; crosses, melon with yeast; 


squares, plain melon; and solid circle 


broken line, temperature. 


of the results obtained in 1952. 

The study with baits supplies evidence 
supporting the contention that there is 
some movement of flies into picked 
stacked boxes in the field at other times 
than during those periods when light in- 
tensity is highly favorable for flight. This 
is borne out by the fact that some flies 
were attracted to the baits at any time of 
the day. 

Eaa Layine Hasirs.—In 1952 inves- 
tigations were conducted in which the 
total number of eggs laid in slit tomatoes 
in 24-hour periods was studied. These 
studies gave no indication at what time 
of the day the eggs were deposited. In 
order to obtain additional information on 
the ecological conditions that influence 
egg deposition, experiments were con- 
ducted in which egg deposition in slit 
tomatoes at hourly intervals was observed. 
Ten stations were used and after 1 hour 
exposure the tomatoes were replaced with 
fresh tomatoes and the eggs counted. The 
trend of egg deposition for 3 days, with 
concomitant temperature reé idings, is 
graphically shown in figure 2. Heaviest 
egg laying occurred in late afternoon, 
which corresponds rather closely with the 


period of greatest flight. Most eggs were 


laid on October 28, which was the warm- 
est day. Fewest eggs were deposited on 
October 21, which was the coolest day 
and, furthermore, a day of strong north 
wind which abated somewhat in late after- 
noon. Over-night egg counts were made, 
but these showed that few eggs were laid. 
Temperatures of 13° C. or lower were 
reached shortly after dark and continued 
at these levels until 8 o’clock or later the 
following morning. Thus, temperature 
conditions were not conducive to egg lay- 
ing over most of this period. Apparently 
some few eggs are laid at temperatures of 
less than 13° C., although this tempera- 
ture is close to the lower threshold for egg 
laying. Where eggs are laid at this and 
lower temperatures, it is believed that the 
flies were in contact with the slit in the 
tomatoes at the time these temperatures 
were reached, and that egg deposition was 
in response to an extra strong oviposition 
impulse. 

During the day, when temperatures 
were higher than 13° C., egg laying oc- 
curred at all hours. On the days counts 
were made, it was less in the morning 
hours, but tended to increase as the day 
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Fic. 2.—Hourly egg deposition in a heavily infested tomato field as determined by the number of eggs laid 
on slit tomatoes placed at the base of tomato plants. Except for October 21, there was little or 
no air movement. 


wore one. The fact that egg laying oc- 
curred at all hours during the day when 
temperatures were sufficiently high, gives 
added evidence that there are minor 
movements of adult flies throughout the 
day. These movements, as already sug- 
gested, could give rise to some migration 
of flies into the lower boxes of picked to- 
matoes stacked in the fields. 

The information given in figure 2 shows 
that a great many eggs can be deposited 
in slit tomatoes in relatively short periods. 
The greatest average number deposited in 
an hour was 172, which were laid from 4 
to 5 o'clock on October 28. Even larger 
numbers may be laid under more favor- 
able conditions. On October 20, an aver- 
age of 755 eggs were deposited on toma- 
toes placed out at 3:30 in the afternoon 
and picked up the following morning. The 
period favorable for egg deposition could 
not have exceeded 3 hours, so that over 
this period the average number of eggs 





laid per hour exceeded 200. Further, in 
the hour preceding 3:30, a count was 
made and the average number of eggs laid 
was 222. 

On October 28, an experiment was con- 
ducted to determine whether the drying 
of slit tomatoes had any effect upon egg 
laying. Ten tomatoes were slit at 9 in the 
morning and allowed to dry until 2 in the 
afternoon. At this time they were exposed 
for an hour to egg laying. The average 
number of eggs deposited was 20, as com- 
pared with an average of 49 eggs that 
were deposited on tomatoes which were 
not subjected to drying. Apparently the 
flies prefer. to oviposit in freshly slit, 
moist tomatoes. 

Observations were made that indicated 
that flies may retain their eggs until they 
are about ready to hatch. On several occa- 
sions maggots were encountered while 
making egg counts in tomatoes that had 
been exposed for 1 hour. An empty Dro- 
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Table 1.—Comparative effectiveness of several treatments on controlling vinegar flies as deter- 


mined by the number of eggs deposited in slit tomatoes. 








TREATMENT AND Rate PER AcrE Oct.21 Oct. 23? Oct. 


AVERAGE NUMBER or Eaocs per Tomato! 


26 Oct. 28 Oct.29 Nov. 2 Nov. 5 


Check (none) 40.9 106.5 170.2 54.2 97.8 125.8 83.4 
Dieldrin, 1 pound in 10 gallons water 
applied by air 79.1 4.1 0.1 1.6 17.3 2.5 
DDT, 10%—Lethane 2% Dust: 30 
pounds per acre applied by air 16.0 148.5 69.9 71.5 75.4 102.2 
()-137, 10% Dust; 30 pounds, applied 
1y hand duster 41.4 26.1 28.9 56.0 107.7 35.5 
Malathion, 2.5 pounds; sugar, 8 
pounds; applied by hand sprayer 5.5° 5.2 66.9 12.9 





1 Tomatoes exposed from 1 to 3 p.m. on each survey date given. 
2 Except for the check, counts in the treatments were made appr 


Count made 3 hours after the treatment was applied, 


sophila egg shell could always be found 
nearby. This means that the incubation 
period was 1 hour or less, and can only be 
accounted for in assuming that the flies 
retained the eggs until they were nearly 
ready to hatch. 

Controut ExPpERIMENTS.—By the time 
a heavily infested field was located there 
was only sufficient time left to conduct a 
single series of chemical control experi- 
ments. Because of the promising results 
obtained in 1952 with a dieldrin spray and 
a 10 per cent DDT dust, these materials 
were applied on an experimental com- 
mercial scale by airplane. The treatments 
were as follows: 

Dieldrin, 1 pound active ingredient per 
acre in 10 gallons of water applied to a 10- 
acre plot. 

DDT, 10 per cent dust plus 2 per cent 
Lethane 384 applied at the rate of ap- 
proximately 30 pounds per acre to a 6- 
acre plot. 

Besides these treatments 10 per cent 
()-137 dust and a malathion-sugar spray 
were applied with hand equipment to 3- 
acre plots. Each of these plots were di- 
vided in the middle by a field roadway, or 
hox row. These treatments were as fol- 
lows: 

Q)-137 10 per cent dust applied at ap- 
proximately 30 pounds per acre. 

Malathion emulsion plus sugar applied 
alt the rate of 2.5 pounds of actual ingre- 
dient and 8 pounds of sugar per acre, in 16 
vallons of water. 

With the exception of the malathion 





oximately 5 to 6 hours after the insecticides were applied. 


spray, all the treatments were applied on 
the morning of October 23. They were 
applied by 8 a.m. under rather favorable 
weather conditions. The temperature 
ranged from 3° C. to about 8° C. The 
malathion treatment was applied between 
9:30 and 10:00 a.m. on the morning of 
October 28. In order to evaluate the ef- 
fectiveness of the treatments, two 10- 
acre check plots were established. 
Population determinations were made 
by making egg counts on slit tomatoes. 
The slit tomatoes on all survey dates were 
exposed from 1 to 3 p.m. for a 2-hour pe- 
riod. The number of eggs given is the 
average for 10 stations except for the 
check which represents the average of 20 
stations, 10 from each check. The results 
obtained are given in table 1. Of all the 
treatments the dieldrin spray gave the 
best control. The results obtained with 
the DDT-Lethane dust were disappoint- 
ing. The Q-137 dust and the malathion 
treatments showed some promise. The 
somewhat erratic results obtained with 
these materials may be due in part to the 
small size of the plots. The populations 
within these plots may have been influ- 
enced by drift of individuals from the 
heavily infested check plots which sur- 
rounded them. In the case of the mala- 
thion plot, it should be noted that the 
population was markedly reduced the 
same day that the treatment was applied. 
With this treatment there was a marked 
increase in the egg count made on No- 
vember 2. This was followed by a decrease 
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on November 5. Between these surveys a 
trace of rain fell and this has raised a ques- 
tion as to whether the light rain may have 
exerted a favorable influence upon the 
treatment. Under any condition it appears 
that further experimental testing of both 
malathion and Q-137 is desirable. 
Although the dieldrin treatment looked 
promising, it should be remembered that 
the experiment was conducted under 
rather cool temperature conditions. Addi- 
tional investigations where higher tem- 
peratures prevail are needed. Although 
samples for residue determination were 
taken, these have not as yet been com- 
pleted. Recommendations concerning the 
use of dieldrin must await those results, as 
well as those concerning taste and further 
field testing to prove definitely the effec- 
tiveness of this insecticide in controlling 
vinegar flies under a variety of conditions. 
SUMMARY AND Conc.Lustons.—The 


most serious vinegar fly infestations found 
in Northern California were in regions 
where there were large plantings of fruit 
trees. It is believed that serious infesta- 
tions in tomato fields resulted from flies 


that migrated from earlier harvested 
peach orchards. 

Flight of adult flies is largely controlled 
by temperature and light intensity. Low 
light intensities and temperatures higher 
than 13°C. are necessary for flight. Minor 
localized movement of flies takes place 
when conditions are not favorable for 
active flight. 

In 1952 and 1953, experiments showed 
that natural baits were ever changing in 
their attractiveness to adult flies. 

Using slit tomatoes on which the flies 
could lay eggs, it was found that the 
highest deposition of eggs occurred when 
conditions were most favorable for adult 
activity and flight. The lower limit of tem- 
perature for egg laying is close to 13° C. 
The upper temperature limit was not de- 
termined, but from the experimental evi- 
dence obtained it must be well above 30° 
C. Although adults seek shelter during 
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periods of heavy wind, egg deposition con- 
tinues, but at a decreased rate. 

The cool weather conditions — that 
existed late in the season were not favor- 
able for heavy invasion of adult flies into 
boxes of picked tomatoes stacked and left 
in the field. Major migrations of a serious 
nature occurred only in late afternoon 
when both temperature and light inten- 
sity were favorable for maximum adult ac- 
tivitv. Adults moved to baits and slit 
tomatoes at all hours of the day. Even in 
heavily infested tomato fields the fly 
population does not remain constant. 
Highest densities of population most 
likely follow a picking when much fruit 
is squashed and otherwise mutilated by 
trucks, pickers and the handling of boxes. 

Of the insecticidal treatments used to 
control the flies in the field, dieldrin ap- 
plied by airplane at the rate of 1 pound of 
actual material per acre in 10 gallons of 
water showed the most promise. However, 
before any recommendations can be 
made, further testing of the treatment un- 
der warmer weather conditions is desir- 
able. Also, whether the treatment results 
in a residue or taste problem needs to be 
determined. A 10 per cent Q-137 dust and 
a malathion-sugar spray warrant further 
investigation. 
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Relative Effectiveness of Ten Fumigants to Adults 
of Kight Species of Stored-Product Insects! 


Davin L. Linperen, Lioyp E. Vincent, and Harovp E. Kroune, University of California 
Citrus Experiment Station, Riverside 


One of the most successful methods of 
rapidly controlling insects in stored food- 
stuffs is by fumigation. Under favorable 
conditions a fumigant will penetrate 
loosely packed commodities and, usually, 
he effective against all stages of a pest as 
well as against a wide variety of pest 
species. Fumigants are also used in the 
control of insects infesting such places as 
warehouses, flour mills, and holds of 
ships, from which infested material has 
been removed. Fumigants such as carbon 
disulfide and hydrogen cyanide have been 
used for over half a century; others such 
as ethylene dibromide and acrylonitrile 
are of relatively recent development. 

The specificity of fumigant action was 
demonstrated by Strand (1930), who 
stated: “One fumigant may outrank an- 
other when used against one particular 
species or fall below it when tested against 
other kinds of insects.” The specificity 
may vary within relatively narrow limits 
or, in some cases, with wide differences. 

The toxicity of 10 different fumigants 
was measured on the adults of eight differ- 
ent species of stored-product insects to 
determine the specificity of each fumigant 
to these insects. 

MATERIALS AND Mertruops.— Adult in- 
sects of the following species were used in 
these tests: the granary weevil, Sitophilus 
granarius (L.); the rice weevil, Sitophilus 


oryza (L.); the Mexican bean weevil, 
Zabrotes pectoralis (Sharp); the drug- 
store beetle, Stegobium paniceum (L.); the 
confused flour beetle, Triboliwm confusum 
Duv.; the bean weevil, Acanthoscelides 
obtectus (Say); the saw-toothed grain 
beetle, Oryzaephilus surinamensis (L); 
and the lesser grain borer, Rhyzopertha 
dominica (F.). These insects were reared 
in wide-mouthed 1-gallon glass jars in a 
room maintained at a temperature of 
78° F. and a relative humidity of 50 per 
cent or above. The various insect species 
were reared on the following culture 
media: the granary weevil, rice weevil, 
and lesser grain borer, on cleaned whole 
wheat; the confused flour beetle, on a mix- 
ture of whole wheat flour and bran; the 
saw-toothed grain beetle, on a mixture of 
rolled barley and raisins; the drug-store 
beetle, on a balanced dog food referred to 
as “kibble”; and the bean weevil and 
Mexican bean weevil, on a mixture of 
lima and pinto beans. 

The ages of the insects used in the 
fumigation studies were as follows: the 
bean weevil, Mexican bean weevil, and 
drug-store beetle, 1 to 2 weeks: the gran- 
ary weevil, rice weevil, confused flour 
beetle, saw-toothed grain beetle, and 
lesser grain borer, 2 to 6 weeks. 


_ 1 Paper No. 813, University of California Citrus Experiment 
Station, Riverside, California. 


Table 1.—Physical constants of fumigants used in these experiments. 





Maximum 


WEIGH? 
IN Vapor 
For 
MiLiI- at 68°F. Speciric 
BOILING Mowe LITERS PowuNps Les. PER GRAVITY 
Port, ULAR SPECIFIC PER PER 1,000 or Gas 
FUMIGAN1 FoRMULA "< WeiGcnt GRAVITY PounD GALLON Cv. Fi Arr =1) 
(Acrylonitrile CHy: CHCN 78-79 53.06 0.79742 569 6.7 15.6 1.8 
Carbon disulfide CS: 46.3 76.13 1. 263-22 359 10.5 77 2.6 
Chloropicrin CCILNOs 112.0 164.39 1.65142 275 13.8 10 5.7 
Ethylene chlorobromide CH:BrCH:Cl 107-108 143.48 1.68922. 268 14.1 12 +.9 
Ethylene dibromide CH: BrCH:Br 181.6 187.88 2.17 22 209 18.1 7 6.5 
Ethylene dichloride CH:CICH:CI 83.7 98. 97 1.25722 361 i0.5 21 3.4 
Ethylene oxide (CH:),0 10.7 $4.05 0.8874 511 7.4 114 1.5 
Hydroeyanic acid HCN 26.0 27.03 0.68822 659 5.7 365 0.9 
Methallyl chloride CH: C(CHs) CHC] 72.0 90.50 0.92542 190 ee. 3.1 
Methyl] bromide CH;Br 3.6 94.95 1.7329 262 14.4 200 3.3 
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Table 2.—Dosages of various fumigants required for 50 per cent kill (LD-50) and 95 per cent kill 


(LD-95) of adult insects at exposures of 2 hours and 6 hours (temperature, 70° F.). 





Per Cent S, 8S. 
FUMIGANT Kill granarius oryza 


Acrylonitrile 50 $.5 2.5 
95 8.0 6.5 
Carbon disulfide 50 103.0 48.0 
95 149.0 80.0 
Chloropicrin 50 16.6 7.5 
95 34.5 28.0 
Ethylene chlorobromide 50 23.0 31.0 
95 48.0 53.0 
Ethylene dibromide 50 14.0 14.0 
95 29.0 31.0 
Ethylene dichloride 50 >271.0 166.0 
95 >271.0 >271.0 
Ethylene oxide 50 21.0 14.0 
95 31.0 28.5 
Hydrocyaniec acid 50 23.0 20.0 
95 29.0 26.0 
Methally! chloride 50 65.0 41.0 
95 87.0 58.0 
Methyl bromide 50 18.5 9.5 
95 27.0 15.0 


Exposure Period, 6 Hours 


Acry lonitrile 50 2.0 1.0 
95 2.9 1.8 
Carbon disulfide 50 3.0 36.0 
95 65.0 50.0 
Chloropicrin 50 3.4 <1.5 
95 8.0 3.9 
Ethylene chlorobromide 50 3.6 7.5 
95 16.0 20.5 
Ethylene dibromide 50 3.0 2.6 
95 12.0 10.0 
Ethylene dichloride 50 127.0 66.0 
95 >135.0 123.0 
Ethylene oxide 50 13.5 5.4 
95 24.5 10.4 
Hydrocyanic acid 50 4.6 2.8 
95 9.9 5.9 
Methally! chloride 50 25.0 12.0 
95 $5.0 27.0 
Methyl bromide 50 4.8 3.6 
95 6.8 6.1 


Leruat Dosage (MG 


Exposure Period, 2 Hours 


L.) Requirep For— 


0. 
. S. ra A. surina- R. 
pectoralis paniceum confusum — obtectus mensis dominica 
2.0 3.1 6.5 3.0 3.5 2.5 
4.0 7.0 11.0 §.5 6.5 4.0 
84.0 110.0 >179.0 54.0 119.0 72.0 
106.0 168.0 >179.0 90.0 >179.0 108.0 
eS 5.5 23.5 1.5 3.5 4.5 
2.9 16.0 31.0 2.8 10.0 19.5 
24.0 32.0 14.5 26.0 12.0 15.5 
40.0 53.0 26.5 51.0 35.0 37.0 
5.0 6.5 12.5 21.0 1.8 3.8 
9.5 11.0 21.0 35.0 6.5 10.5 
52.0 161.0 182.0 127.0 122.0 137.0 
92.0 242.0 226.0 186.0 230.0 228.0 
12.7 14.0 >40.0 13.5 14.5 14.7 
20.5 22.5 >40.0 39.0 29.5 33.0 
1.4 0.5 1.0 1.5 0.6 1.2 
4.4 1.0 2.2 4.5 1.4 4.4 
14.0 47.0 58.0 36.0 43.0 68.0 
26.0 77.0 75.0 58.0 65.0 96.0 
10.5 15.5 $2.5 9.0 17.0 11.0 
15.5 27.0 44.0 22.0 28.0 19.0 
1.4 1.7 3.0 % | 0.8 0.8 
@.1 2.5 4.9 2.0 oe 1.4 
46.0 2.0 75.0 29.0 40.0 $1.0 
64.0 62.0 103.0 43.0 68.0 49.0 
<1.5 1.9 6.4 <1.5 <1.5 <1.5 
<1.5 5.4 13.0 <1.5 3.2 2.6 
11.5 14.0 5.0 22.0 6.0 6.0 
21.0 25.0 18.0 28.0 18.0 19.0 
2.2 2.8 3.4 10.2 0.9 3.0 
5.2 6.4 7.2 16.8 3.8 6.2 
26.0 77.0 53.0 49.0 39.0 65.0 
48.0 128.0 84.0 83.0 77.0 106.0 
6.0 9.0 27.5 10.5 +.0 6.2 
11.0 18.0 $7.5 36.0 10.0 11.6 
1.0 <0.4 0.8 0.9 <0.4 0.8 
2.7 0.7 1.6 2.7 1.2 2.6 
10.0 27.0 27.0 18.0 19.0 25.0 
18.0 39.0 41.0 28.0 29.0 $1.0 
3.5 4.4 9.2 4.2 4.4 3.4 
6.0 6.7 13.8 6.6 6.8 8.5 





Some of the physical constants of the 
various fumigants used in the experi- 
ments are given in table 1. The chemicals 
were either of the reagent or practical 
grade. 

All tests were made in 100-cubic-foot 
gastight metal fumatoria with controlled 
temperatures+1 degree Fahrenheit. Fu- 
migations were conducted at 70 °F., with 
continuous circulation of air within the 
fumigation chamber. Fumigants having 
high boiling points were evaporated 
rapidly by heat and air circulation Ex- 
posures were for either a 2- or a 6-hour pe- 
riod. 

The test insects were taken at random 
from healthy active cultures prior to fu- 
migation. The samples consisted of 20 to 
25 adults insects of each species used. 
These insects were placed in cages made 
from lucite tubing 4 inches long and hav- 
ing an inside diameter of 2 inches. The 
ends of the tube were sealed with screen- 
ing to allow air exchange and to keep 


the insects from escaping. After fumige- 
tion a small slice of apple was placed in 
each cage to provide food and moisture. 
The insects were held at a temperature of 
78° F. and at 70 per cent relative humid- 
ity, and mortality counts were made 4 
days after fumigation. Controls were run 
at intervals to determine natural mortal- 
itv, which was taken into account on 
calculating net mortality (Abbott 1925). 

The series of dosages for any one fumi- 
gant ranged fom 6 to 10, the number de- 
pending upon the toxicity of the fumi- 
gant. Each dosage was replicated 3 to 4 
times. 

Probit log-concentration mortality 
curves were established for each material 
and each insect. These curves were used 
to fix dosage levels required for LD-50 and 
LD-95, and are expressed as milligrams of 
fumigant per liter. 

Resutts.—Two-Hour Exposure Tests. 

‘In ranking the insects as to their gen- 
eral resistance at LD-95 to all fumigants 








be 
g) 
fil 
el 


SI 
to 
in 


fif 














October 1954 


‘oncerned, it was found that Sitophilus 
yranarius > Tribolium confusum > Stegobi- 
im paniceum> Sitophilus oryza> Rhyzo- 
pertha dominica = Acanthoscelides obtectus 
>Oryzaephilus — surinamensis > Zabrotes 
pectoralis. This does not indicate the rank- 
ing to any specific fumigant, however. It 
will be noticed from the data in table 2 
that, although R. dominica, in general re- 
sistance to all fumigants ranks fifth (= A. 
vbtectus), it is the one most resistant to 
imethallyl chloride; although A. obtectus is 
listed fifth above (=R. dominica), it is the 
one most resistant to ethylene dibromide; 
although 7. confusum is ranked second 
above, it ranks seventh in its resistance to 
ethylene chlorobromide; and although S. 
paniceum ranks third above in its general 
resistance, it is the one least resistant to 
hydroeyanic acid. 

In ranking the fumigants as to their 
general toxicity to all insects concerned at 
LD-95, it was found that acrylonitrile > 
hydroeyanie acid >chloropicrin > ethyl- 
ene dibromide >methyl bromide >ethyl- 
ene oxide>ethylene chlorobromide > 
methallyl chloride>carbon disulfide > 
ethylene dichloride. The range in rank at 
LLD-95 to the various insects is as follows: 
acrylonitrile, 1 to 3; hydrocyanic acid, 1 
to 3; chloropicrin, 1 to 5; ethylene dibro- 
mide, 2 to 6; methyl bromide, 2 to 7; 
ethylene oxide, 4 to 6; ethylene chloro- 
bromide, 4 to 8; methallyl chloride, 7 to 8; 
carbon disulfide, 8 to 10; and ethylene 
dichloride, 9 to 10. 

Six-Hour Exposure Tests.—Results ob- 
tained from the 6-hour exposure tests are 
given in table 2. It was found that, in 
ranking the insects as to their general re- 
sistance at LD-95 to all fumigants, Sito- 
philus granarius> Tribolium confusum> 
Stegobium paniceum > Acanthoscelides ob- 
tectus > Sitophilus oryza> Rhyzopertha do- 
minica>Oryzaephilus surinamensis = Za- 
brotes pectoralis. This does not indicate the 
ranking to any specific fumigant, as it will 
be noticed from table 2 that, although S. 
granarius, in general resistance, ranks 
first, it ranks seventh in its resistance to 
ethylene chlorobromide, and, although 0. 
surinamensis ranks last in its general re- 
sistance, it ranks second in its resistance 
to methyl bromide and carbon disulfide. 
This ranking differs from the 2-hour rank- 
ing in that A. obtectus moved up from 
fifth position (=R. dominica) to fourth. 
In ranking the fumigants as to their 
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general toxicity to all insects concerned at 
LD-95 it was found that acrylonitrile > 
hydrocyanie acid >chloropicrin > methyl 
bromide>ethylene dibromide>ethylene 
oxide >ethylene chlorobromide > methal- 
lyl chloride>carbon disulfide >ethylene 
dichloride. Methyl bromide and ethylene 
dibromide at LD-95 for a 6-hour exposure 
period reversed positions from the 2-hour 
exposure; however, the rankings at LD-95 
for these fumigants were so close that they 
could be considered equal. The range in 
rank at LD-95 to the various insects is 
as follows: acrylonitrile, 1 to 2; hydro- 
cyanic acid, 1 to 4; chloropicrin, 1 to 4; 
methyl bromide, 2 to 5; ethylene dibro- 
mide, 3 to 5; ethylene oxide, 5 to 7; 
ethylene chlorobromide, 6 to 8; methally] 
chloride, 6 to 8; carbon disulfide, 8 to 10; 
and ethylene dichloride, 9 to 10. 

Discusstion.—In comparing exposures 
it was found that the LD-95 was 1} to 33 
times greater at 2 hours than at 6. The 
LD-95 for methyl bromide and chloropic- 
rin was 3} times greater at the 2-hour 
exposure than at the 6, while that for 
ethylene oxide was 1} times greater. This 
would tend to indicate that fumigants 
such as methyl bromide and chloropicrin 
are more effective at longer exposures. 
The results indicate the specificity of these 
fumigants to the various insects tested. 
No one fumigant is the one most effective 
against all the insects tested, nor is any 
one insect the one most resistant to all 
fumigants tested. It must be remembered 
that these tests were conducted in fuma- 
toria containing no load, and such factors 
as penetration through and sorption on 
commodities were not taken into consid- 
eration. All mortality counts were made 
at the end of 4 days, and this tends to 
penalize those fumigants such as ethylene 
dichloride, which have a delayed killing 
action (Richardson & Casanges 1942). 

In comparative work such as that re- 
ported above, it may be possible to choose 
mixtures that will be generally toxic to all 
insects involved, or mixtures in which 
one component is selected for its pene- 
trating qualities and one for its rapid 
toxicity. 

SumMary.—The LD-50 and LD-95 in 
milligrams per liter are given for 10 fumi- 
gants against 8 species of adult stored- 
product insects at 2- and 6-hour exposure 
periods in 100 cubic-foot gastight metal 
fumatoria. In ranking the insects as to 













their general resistance at LD-95 to all 
fumigants concerned at a 2-hour expo- 
sure, it was found that Sitophilus gra- 
narius > Tribolium confusum > Stegobhium 
paniceum > Sitophilus oryza > Rhyzopertha 
dominica = Acanthoscelides obtectus > Ory- 
zaephilus surinamensis > Zabrotes pectora- 
lis, while at a 6-hour exposure it was found 
that S. granarius> 7. confusum>S. pani- 
ceum > A. obtectus>S. oryza>R. dominica 
>0O. surinamensis=Z. pectoralis; how- 
ever, this does not indicate the rank to 
any specific fumigant. 

In ranking the fumigants as to their 
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Acheta assimilis F.' Parasitized by 
Paragordius varius* 





Raymonp E. Ryckman and Curistian P. 
CurisTIANnson, School of Tropical and 
Preventive Medicine, Loma Linda, 


California 


In June 1953, Clyde D. Bailey killed a cricket, 
Acheta (= Dryllus) assimilis F. in his home in San 
Bernardino, California and observed a large worm 
extruding from the abdominal cavity of the cricket. 
This helminth was identified as being Paragordius 
varius (Leidy, 1851) by M. W. Allen, University of 
California, Berkeley and Aaron Goldberg, Animal 
Disease and Parasite Research Branch, United 
States Department of Agriculture. Tanner (1939) 
reported Gryllus assimilis parasitized by Paragordius 
varius in Utah. 

The host, a female cricket, measured 2.6 centi- 
meters in length from head to tip of the ovipositors 
and was parasitized by a single specimen of Para- 
gordius varius measuring 42.7 centimeters in length. 
The ability of an insect the size of this cricket to 
exist while parasitized by so large a helminth is 
rather phenomenal. 
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general toxicity to all insects concerned at 
LD-95 for a 2-hour exposure it was found 
that acrylonitrile>hydrocyanic acid> 
chloropicrin >ethylene dibromide > meth- 
yl bromide>ethylene oxide >ethylene 
chlorobromide >methallyl chloride >car- 
bon disulfide >ethylene dichloride; at a 6- 
hour exposure period, ranking of the fu- 
migants was the same, except that ethyl- 
ene dibromide and methyl bromide re- 
versed their positions in the series (meth- 
yl bromide>ethylene dibromide); how- 
ever, this does not indicate the rank in 
relation to any specific insect. 
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An Eriophyid Mite New to 
Avocados in California 


D. W. Ricker, and C. A. FLescuner, University of 
California Citrus Experiment Station, Riverside 


While making a routine laboratory mite count of 
leaf samples taken on February 9, 1954 from an 
avocado test grove in Ventura, California, consider- 
able numbers of an unknown eriophyid mite were 
seen by the senior author on the undersides of the 
leaves from a single tree. A later collection was made 
on February 23, 1954 and several specimens were 
mounted on slides and sent to Mr. H. H. Keifer of 
the State Department of Agriculture. A subsequent 
collection was sent to Mr. Keifer from the same tree 
by Mr. C. J. Barrett, Agricultural Commissioner of 
Ventura County, from which Keifer identified the 
eriophyid mite as Calepitrimerus muesebecki Keifer. 

The eriophyid mites were found on the Edrenol 
variety of Persea americana located in a grove on the 
new Ventura College campus. The tree, which is in a 
cooperative experimental plot, had been treated 
with Aramite, 20 per cent wettable powder at 2 
pounds per 100 gallons of water on August 21, 1952 
and again on August 22, 1953 by Dr. Walter Ebeling 
of the University of California. 

This species was first described by H. H. Keifer in 
the Bulletin of the Department of Agriculture, State 
of California, Vol. 29, No. 2, 1940, under “Eriophyid 
Studies IX.”” The type locality is Fort Pierce, 
Florida, the specimens having been taken from 
avocado (Persea americana) on January 12, 1940. 
Only the type series has been known until now. 

While observing the eriophyid mites under the 
microscope, an undetermined Raphignathoid of the 
genus Mediolata was observed feeding on them. 
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Clover Leaf Weevil Control by Fall 
Insecticide Applications 


J. H. Biacer and C. E. Wuire, Illinois Natural 
History Survey, Urbana 


Incidental to fall treatments for control of the 
meadow spittlebug, Philaenus leucophthalmus (L.), 
on red clover it was observed that one treatment also 
gave a high degree of control of the clover leaf wee- 
vil, Hypera punctata (F.). This observation was 
made in the spring of 1952 on plots, each approxi- 
mately 4 acres in area, treated in September, 1951. 
Both fall and spring treatments had been applied in 
this field. The records on clover leaf weevil are given 
in table 1. To obtain the data the larvae on five 
random-selected 6-inch squares were counted on 
each plot. 

In the fall of 1952 experiments were started to test 
timing of applications. Three-acre plots in fields of 
mixed red clover and alfalfa on two adjacent farms 


Table 1.—Control of clover leaf weevil larvae 
in red clover. Seymour, Illinois, May 15, 1952. 








Ave. NUMBER 
LARVAE 


PER 6-INcH PER CENT 


‘TREATMENT! SQUARE CoNTROL 

0.2 Ib. endrin® 2.0 58.3 
1.0 lb, DDT? 1.0 79.2 
1.9 lbs. toxaphene?® 4.2 2.5 
Untreated £.8 

0.2 Ib. lindane* 0.6 7.5 
1.5 lbs. methoxychlor® 1.2 75.0 
0.2 Ib. isodrin® 5.8 0.0 
1.5 lbs. DDT? 0.2 95.8 


L.S.D.at5percentlevel 2.5 





Pounds of active ingredient per acre. 
2 Applied September 6, 1951. 
Applied April 21, 1952. 


SCIENTIFIC NOTES 


were sprayed. Applications were made each week for 
4 weeks. The treatments were duplicated on the 
Reese farm but not on the Smith farm. Replicated 
6-inch random sample areas were counted on April 
30 and May 1, 1953, with results as shown in table 2. 
In an attempt to prevent a spring infestation of 
aphids one plot received a parathion treatment and 
another received parathion in combination with the 
DDT being used for weevil control. 

On the Hoel farm near Tuscola a program of fall 
treatments was set up with plots each approximately 
3 acres in size and treatments were applied on Sep- 
tember 3, 1952. This was a field of mixed alfalfa, red 
clover, and timothy. Again parathion was included 
with one DDT treatment as a possible aphid pre- 
ventive. The plots were checked April 16, 1953, at 
which time replicated 6-inch-square areas were 
counted. The results are shown in table 3. 

During the fall of 1952 plots were also established 
in two red clover fields on the Agronomy South 
Farm of the Illinois Agricultural Experiment Sta- 
tion. Both fields were treated in the fall with a plot 
of each of DDT and parathion. One field was also 
treated with BHC in the spring when one plot re- 
ceived 0.3 pound of gamma isomer on April 13 and 
the other received 0.2 pound on April 29. They were 
checked by counting the larvae in replicated random 
6-inch-square areas. The data are given in tables 4 
and 5. The results of all tests are summarized in 
table 6. Ineffective treatments with various ma- 
terials were not repeated except where parathion was 
used in an attempt to prevent aphid damage. 

SumMARY.—Incidental to tests for control of the 
meadow spittlebug by insecticides applied in the fall 
of 1951 it was found that a good degree of control of 
the clover leaf weevil was obtained by the use of 1.5 
pounds of DDT per acre. Further tests were con- 
ducted on five fields in the fall of 1952. 

Where spring treatments were made they were 
also intended for spittlebug control and DDT was 
not used due to the residue hazard when applications 
were made on plants 6 to 8 inches tall. BHC at 0.2 
pound of gamma isomer was completely ineffective 


Table 2.—Control of clover leaf weevil larvae in two fields near Mayview, Illinois, April 30- 





May 1, 1953. 


Ave. Num- 
ber Larvae 
per 6-Inch 


DATE 
APPLIED 
TREATMENT! (1952) 
1.5 lb. DDT Aug. 26 
1.5 lb. DDT Sept. 2 
Untreated area = 


1.5 lhs. DDT-+-0.25 lb. parathion Sept. 2 
0.25 lb. parathion Sept. 2 
Sept. 8 


1.5 lbs. DDT 
1.8 lbs. DDT Sept. 15 


L.S.D. at 5 per cent level 


Reese Farm F. Smita Farm 
Ave. Num- 
ber Larvae 
per 6-Inch 


Per Cent Per Cent 


Square Control Square Control 
1.5 94.2 1.0 96.3 
0.8 97.1 1.0 96.3 
5.8 - 27.0 . 
2.5 90.3 5.0 81.5 
— — 21.0 22.2 
0.3 99.0 2.0 92.6 
0.8 97.1 3.0 88.9 
3.33 15.7 





Pounds of active ingredient per acre. 
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when the plots were checked 2 days after application 
of the insecticide. Observation later showed that 
reasonable control was eventually secured. 

DDT used at 1.5 pounds per acre was uniformly 
satisfactory for clover leaf weevil control when ap- 
plied in the fall. Close timing is apparently not essen- 
tial. Adding parathion to the DDT had a depressing 
effect on the control obtained and had no effect on 
aphid populations the following spring. 

Fall treatment has several advantages, chief of 


Table 3.—Control of clover leaf weevil larvae 
Tuscola, Illinois, April 16, 1953. 








Ave. NUMBER 
LARVAE 
PER 6-INcn Per CENT 


TREATMENT! Sava ARE CoNTROL 
5 Ibs. DDT 0.25 99.2 
5 lbs. DDT +0.25 lb. 
ped 0.75 97.7 
Untreated 33.00 — 
0.25 Ib. parathion 28 .25 14.4 


L. S.D. at 5 per cent level 9.39 





1 Pounds of active ingredient per acre, 


Table 4.—Control of clover leaf weevil larvae 
on Agronomy South Farm at Urbana, Illinois, 
April 21, 1953. 








Ave. NUMBER 
LARVAE 
PER 6-INCH 
Sau ARE 


Per CENT 
CONTROL 


TREATMENT! 


5 5 Ibs. DDT 2.6 80.2 
i ntreated 13.1 - 
0.25 lb. parathion 8.6 34. t 


~ 


‘L. S D. at 5 weer eae lev a a 





1 Pounds of active ingredient per acre. 


Table 5.—Control of clover leaf weevil larvae 
on Agronomy South Farm at Urbana, Illinois, 
May 1, 1953. 








Ave. NUMBER 
LARVAE 
PER 6-INCH 
SQUARE 


PER CENT 


TREATMENT! ContTrRoW 


0.5 96. 3 


1.5 lbs. DDT (fall) 

Check 9.0 

0.2 lb. BHC (spring) 16.0 0.0 
0.3 Ib. BHC (spring) 0.0 100.0 
Check 18.0 

0.25 |b. parathion (fall) 8.5 37.0 


Lk S.D.at5percentlevel 9.3 





1 Pounds of active ingredient per acre. 
2 Based on mean of two check plots (13.5 larvae). 
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Table 6.—Results of fall applications of insec- 
ticides for control of clover leaf weevil in Illinois, 
1951 & 1952. 








Numper or Times Per Cent 
Conrtrou Inpicatep Was 


NuM- OstaINneD 
BER OF ———————-— - _ 
Times 90— 80- 70- 0- 
TREATMENT Usep 100 89.9 79.9 69.9 
L. 5 Ibs. DDT 12 10 2 0 0 
1.0 lb, DDT 1 0 0 l 0 
1.5 lbs. DDT +0.25 
Ib. parathion 3 1 l 1 0 
0.2 Ib. endrin 1 0 0 0 1 
1.9 Ibs. toxaphene 1 0 0 0 l 
é. 2 Ib. isodrin 1 0 0 0 1 
0.25 lb. parathion 4 0 0 0 + 





which is prevention of practically all damage in the 
spring. Spring treatments are never applied until a 
large part of the potential damage has occurred and 
the plants have little chance for strong growth. 

General observations indicate that where the 
clover leaf weevil is controlled by fall treatment the 
stronger growth of clover in the spring is better able 
to withstand aphid attack and the higher humidity 
in the denser growth obtained favors development of 
the disease attacking this insect 







Tagging Boll Weevils with Radioactive 
Cobalt’ 


Frank H. Baers, C. C. Roan, and R. L. WALKER, 
U.S.D.A., Agr. Res. Serv., Entomology 
Research Branch 


The use of radioisotopes to mark insects is now 
common procedure. Radioactive phosphorus (P®) 
has been particularly useful in the study of flight 
range, but owing to its relatively short half life of 
14.3 days, other isotopes must be used when long 
periods of observation are required. 

Tomes & Brian (1946) placed a small amount of 
radium” under the wings of wireworm beetles, and 
Arnason et al. (1950) inserted a small piece of cobalt? 
wire into the body cavity of wireworm larvae. 
Bugher & Taylor (1949) reared yellow-fever mos- 
quitoes in water to which strontium®® had been 
added. J. M. Davis and R. H. Nagel (personal com- 
munication) recently made Engelmann spruce 
beetles radioactive by dipping adults in 20 per cent 
alcohol containing iodine™'. Sullivan (1953) dis- 
solved cobalt® nitrate in an acetone solution of cellu- 
lose acetate and applied it topically to white pine 
weevils. Roth & Hoffman (1952) sprayed mosquitoes 
with P® solution, an extremely hazardous procedure, 
and also dipped them in a P® solution containing the 
wetting agent Triton X-100. 

Recently in order to study the overwintering 
habits of the boll weevil, Anthonomus grandis Boh., 
it became necessary to tag several thousand adults 
with a material the activity of which could still be 
detected at least 5 months after application. To ob- 
tain background information and develop marking 
techniques, preliminary work was done in the labora- 
tory. The results obtained in this exploratory phase 
of the project are reported herein. 





1 The radioactive cobalt used in these investigations was ob- 
tained on authorization of the U. S. Atomic Energy Commission. 
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Five millicuries of cobalt®® as the chloride, con- 
‘ained in 0.2 ml. of 0.34 N hydrochloric acid, was 
diluted to 10 ml. with distilled water for a stock solu- 
tion. Two milliliters of the stock solution was 
further diluted to 200 ml. with water for a working 
solution. By means of a thin-window Geiger-Milller 
tube and a suitable scaler, the specific activity of the 
working solution was found to be 6.6 10° C/M/ml. 
(counts per minute per milliliter). 

A large number of field-collected adult boll wee- 
vils of unknown ages were supplied by the staff of 
the Florence, S. C., laboratory of the Bureau of 
Entomology and Plant Quarantine. Twenty-five of 
the weevils, previously chilled in the refrigerator to 
facilitate loading, were placed in an aluminum tea 
caddy and dipped in an aliquot of the working solu- 
tion, and then put in a screened cage for recovery. 
After 5 days some of the apparently unaffected in- 
sects were killed with ether, and the radioactivity of 
the intact insect was determined. The same weevils 
were then put in a flask with water and shaken 
vigorously for 1 minute and the activity redeter- 
mined. 

To determine the efficacy of adding a wetting 
agent, boll weevils were dipped in portions of the 
working solution to which a small quantity of wet- 
ting agent had been added, dried, and then assayed 
for radioactivity as before. Of 10 wetting agents 
tested, Tergitol No. 7 (sodium sulfate derivative of 
3,9-diethyltridecanol-6) proved most effective. One 
drop (18.8 mg.) of this wetting agent was then added 
to 50 ml. of the working solution (3.610 per 
cent) and a number of boll weevils were treated as 
before. The radioactivity of these weevils is shown 
below. 





Counts PER MINUTE 


Before 
Washing 


After 
Washing 


RADIOACTIVE 
SOLUTION 
Without wettingcgent 710+122 
With Tergitol No. 7 4690 +718 


346+ 37 
3523 + 703 





The wetting agent obviously greatly increased the 
amount of radioactive solution retained by the in- 
sect and reduced the amount removed by washing. 
The standard error is a combination of the error due 
to the random nature of the disintegration and sam- 
ple variation. 

One of the common methods of making insects 
radioactive is to allow them to feed on plants made 
active by inserting the stem into solutions of the 
radioactive material. Bean leaves, for example, be- 
come radioactive within a few minutes after the 
stems are placed in P® solution. Any insect feeding 
on the leaf or plant juice would then become radio- 
active. 

Although adult boll weevils do not feed well under 
laboratory conditions, in view of the findings of 
Rings & Layne (1953) that peach foliage did not take 
up cobalt®® chloride, it seemed desirable to learn 
whether a cotton plant would take up the salt. The 
stem of a small portion of a growing cotton plant was 
therefore immersed in a solution of this salt. Con- 
trary to the rapid movement of P®, the Co® was 
slowly absorbed, and it was several hours before ap- 
preciable radioactivity was present in the leaves. 
After 24 hours all portions of the plant were active, 
especially the cotton in the immature bolls. In the 
meantime the activity of the solution in which the 
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stems were immersed had decreased from 810° 
+890 C/M/ml. to 6X10°+775 C/M/ml., showing 
that more of the cobalt had disappeared from the 
solution than was lost due to the water uptake of the 
plant. 

On the basis of the results herein reported, large 
numbers of boll weevils have been marked for use in 
field studies. The results will be reported upon their 
conclusion. 
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Effects of Certain Insecticides Upon 
Unhatched Larvae of the Pale Western 
Cutworm in the Laboratory 


L. R. FavtKner, New Mexico Agricultural 
Experiment Station, State College 


Economic outbreaks of the pale western cutworm 
have occurred in New Mexico’s hard winter wheat 
area in approximately 7- to 10-year cycles. These 
outbreaks have usually continued over periods of 
about 3 years. The last major outbreak of this spe- 
cies began in 1948 and continued through 1951. 
During these years, 40 to 60 per cent of the wheat 
crop was destroyed. 

Because of the insect’s decided subterranean na- 
ture and also because of highly adverse wind condi- 
tions which exist during the spring months, control 
measures customarily used for other cutworm spe- 
cies have not been satisfactory. The need for a strict 
economy in the production of wheat in this area has 
discouraged the use of control measures which re- 
quire additional operations. For these reasons, re- 
search investigations into the control of this species 
have largely been confined to the development of 
control measures which are directly effective upon 
the very early larval stages and can be incorporated 
into the fall seeding operation. 

MATERIALS AND Metuops.—A laboratory test to 
compare the effectiveness of nine insecticides upon 
unhatched larvae of the pale western cutworm was 
begun at the Plains Sub-station, Clovis, New 
Mexico, on September 16, 1952. Observations by 
Cook (1930) and Sorenson & Thornley (1941) indi- 
cated that the larvae are completely developed 
within the egg capsule within a relatively short 
period and then remain dormant until temperature 
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and moisture conditions are favorable for hatching 
suggested the possibility of using insecticides which 
were dispersed in water miscible hydrocarbon sol- 
vents as a means of producing mortality during this 
particular stage of the insect’s development. The 
insecticides used represented three groups of ma- 
terials: the chlorinated hydrocarbons; DDT, lindane 
and TDE; the chlorinated dimethanonaphthalenes; 
aldrin and dieldrin and the organic phosphates; 
parathion, malathion, Metacide and demeton 

Eggs used in the test were secured by collecting 
female moths at light traps and allowing them to 
oviposit in 20X85 mm. shell vials partially filled 
with soil which had been passed through a 30-mesh 
screen. Oviposition was materially accelerated by 
covering the vials containing the moths with a black 
cloth. After a period of 48 hours, the soil was re- 
moved from the vials and again passed through the 
screen. Eggs retained on the screen were transferred 
to petri dishes with a moistened camel’s-hair brush 
and stored at room temperature until larval develop- 
ment was complete. Periodic dissection of eggs dur- 
ing the storage period revealed that an average 
period of 7 to 10 days was needed for complete 
larval development at room temperatures (75 to 
80 degrees F.). At the end of 10 days, the eggs were 
examined under a binocular microscope and only 
those containing active larvae were used in the test. 
Twenty-five eggs were assigned at random to each 
of the replications. All treatments, including a check, 
were replicated four times. 

Standard petri dishes were used as replicate con- 
tainers. The bottoms of the dishes were covered with 
close-fitting discs cut from blotting paper and par- 
tially filled with soil which had been passed through 
a 30-mesh screen. The eggs were placed on the sur- 
face of the soil contained in the dishes. No attempt 
was made to protect them from the direct discharge 
of the spray apparatus. The insecticides were applied 
as emulsifiable concentrate sprays in dilutions shown 
in table 1. 

Table 1.—A laboratory comparison of the ef- 
fect of nine insecticides upon unhatched larvae 
of the pale western cutworm. 





INSECTICIDE Mean CorRECTED 
(Per CENT Rate or Mortat- Mortat- 
UseEp) DILUTION ITy! ITY? 

Lindane, 20 1-200 22.0 81 
Metacide, 50 1-400 20.8 73 
Aldrin, 23 1-200 20.3 70 
Demeton, 50 1-400 19.8 67 
Dieldrin, 15 1-200 19.3 6 
Malathion, 50 1-200 18.5 59 
Parathion, 25 1-400 17.5 52 
TDE, 25 1-100 135.53 40 
DDT, 25 1-100 12.58 21 
Check 9.25 


L.S.D. at five per cent level 7.40 





' Average of four replications. 
2 Abbott's formula. Rounded to nearest whole number. 
3 Not significant. 


The spray apparatus used to apply these materials 
was constructed of an 18-gauge hypodermic needle 
which had been soldered to one end of a piece of 
copper tubing 18 inches long and 0.25 inch in di- 
ameter. The tubing was bent in a 45 degree angle at 
approximately one-fourth of its length from the end 
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bearing the needle. The point of the needle was 
ground off, leaving only the shaft remaining. A piec« 
of glass tubing 12 inches long and 0.25 inch in di- 
ameter was drawn to a modified point, leaving an 
opening which approximately equaled the size of the 
opening in the hypodermic needle. The glass tubing 
was also bent in a 45 degree angle about one-fourth 
of its length from the drawn end. The two pieces o! 
tubing were aligned and held in place by a wooden 
clamp so that the drawn end of the glass tube and 
the open end of the needle met at a right angle. Air 
moving through the glass tube created an upward 
pull in the copper tube as it passed across the open 
end of the needle. The liquid medium was pulled 
through the copper tube and was atomized as it 
entered the air stream from the open end of the 
needle. Air pressure was provided by the compres- 
sion unit of a portable electric sprayer. One cubic 
centimeter of diluted insecticide material, measured 
as it was exhausted from a 100-ml. graduate, was 
applied to each treatment replicate. 

After treatment, the petri dishes were covered and 
stored in the insectary under prevailing atmospheric 
conditions until April 12, 1953. This storage period 
allowed for the time lapse between oviposition and 
embryo development to the hatching of the larvae. 
Under field conditions, hatching may begin as early 
as February 15, and extend through the middle of 
April in New Mexico. At weekly intervals during the 
storage period, one cubic centimeter of distilled 
water was pipetted into each dish to maintain mois- 
ture, the water being applied to the edge of the 
blotting paper in each case to prevent the soil sur- 
face in the dishes from becoming crusted. On April 
12, the soil from the various dishes was again passed 
through the screen and the egg capsules recovered. 
In scoring the relative effciency of the insecticides, 
only those eggs which contained dead larvae were 
included in the mortality counts. 

Resutts anp Conciusions.—The results of this 
test are presented in table 1. Of the nine insecticides 
used, only DDT and TDE failed to produce signifi- 
cant mortalities in the unhatched larvae. Gamma 
benzene hexachloride as lindane was most effective 
in producing mortality. Metacide and aldrin were 
only slightly less effective than lindane. Demeton 
and dieldrin were closely comparable in producing 
mortality in the unhatched larva though somewhat 
less effective than lindane. Malathion and parathion, 
while producing mortalities which were significantly 
above that of the check, were least effective of any 
of the materials used which produced significant re- 
sults. 

These data indicate the possibilities of using in- 
secticides including lindane, metacide, aldrin, deme- 
ton and dieldrin as emulsifiable concentrate sprays 
to reduce pale western cutworm populations by pro- 
ducing mortality in the unhatched larvae. As the fall 
seeding of wheat in eastern New Mexico is usually 
done during this particular stage of the insect’s 
developmental cycle, the foregoing data further sug- 
gest the possibilities of incorporating insecticide ap- 
plication and planting operations. 
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EPN for Control of the Hickory 
Shuckworm on Pecan 


Max R. Ossurn, Entomology Research Branch, 
Agr. Res. Ser., U.S.D.A. 

The hickory shuckworm, Laspeyresia caryana 
(Fitch), is one of the most important pecan insects. 
In central and south Georgia the larvae destroy im- 
mature nuts from May until August, and from Au- 
cust after the shells have hardened until late fall the 
larvae tunnel the shucks preventing proper develop- 
ment of the kernels. 

Much experimental work has been performed for 
the control of the shuckworm, but no satisfactory 
treatment has been found. Multiple applications of 
the various new insecticides during a season have 
reduced some infestations slightly and have resulted 
in less shedding of immature nuts and greater nut 
yields at harvest. However, a sufficient number of 
applications to provide any worthwhile control has 
been considered impracticable because of the cost. 
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Just before and after harvest-time, data were ob- 
tained on the percentage of shucks infested with 
shuckworm, the number of nuts weighing 1 pound, 
and the kernel content of the nuts. Oil analyses were 
made of kernels in samples of nuts from trees that 
had received three applications of the spray con- 
taining 2 pounds of 25 per cent EPN and of the un- 
treated trees. Some of the data were analyzed sta- 
tistically. 

TREATMENTS AND Resuutts.—The treatments 
that were compared in 1953 and the results obtained 
are given in table 1. 

A comparison of the percentage of shucks infested 
shows that the most effective treatment consisted of 
three applications of the spray containing 2 pounds 
of 25 per cent EPN. Two late applications of this 
concentration was significantly more effective than 
two early applications but not significantly better 
than three applications of the 1-pound concentra- 
tion. All the treatments effected a significant reduc- 
tion in infestation. 


Table 1.—Effectiveness of EPN against the hickory shuckworm on pecan,' 1953. 





PoUNDs OF 
25% EPN PER 
100 GALLONS 
or WATER 


Spray Dates 


Aug. 6, 19, Sept. 2 


Aug. 6, 19 
Aug. 19, Sept. 2 
Untreated 
Difference required for  signifi- 
cance at 1 per cent level 


SHUCKS 
INFESTED 


Per Cent 





WEIGHT OF 
KERNELS 
IN Nuts 
Per Cent Per Cent 
5 


~ 
‘ 


OIL IN 
KERNELS 


NUTS PER 
Pounb 

Number 
25 57 47 
62 63 +4 — 
79 61 45 - 
55 60 +4 
99 70 38 


16 2 





1 J. H. Hunter, soil scientist, Horticultural Crops Research Branch, Albany, Georgia, obtained some of the data. 


In 1952 the problem was approached from another 
angle, when the treatments made at different periods 
during the nut-growing season were compared with 
one another and with a schedule of treatments 
throughout the season. EPN was selected as the 
insecticide to use because it had shown promise in 
earlier work. Three applications after shell harden- 
ing—on August 8 and 21 and September 3—of 2 
pounds of a 25 per cent EPN wettable powder to 100 
gallons of water were at least as good as any other 
schedule (Osburn 1953). In 1953 the experiments 
were continued and the best results obtained in 
1952 were compared with lighter schedules and con- 
centrations. 

Meruops.—The work was conducted near Al- 
bany, Georgia, on large trees of the Stuart variety. 
The experiment was arranged in randomized 
blocks. Each block contained as many trees as there 
were treatments and an untreated check tree. There 
were eight replications of each treatment and the 
check. A 25 per cent EPN wettable powder was 
used. 

All the treatments were applied by the same man. 
He used a hydraulic sprayer operating at a pressure 
of about 500 pounds per square inch. The spraying 
was done from the top of the spray tank with a 
single-nozzle orchard gun equipped with a No. 14 
disk. Each tree was encircled as it was being sprayed, 
and from 35 to 45 gallons of spray was used per tree. 


On the basis of the number of nuts weighing 1 
pound, all the treatments were significantly superior 
to no treatment, but differences between treatments 
were small, 

The percentage of kernels in the nuts receiving 
three applications of the 2-pound concentration was 
significantly greater than in the nuts receiving any 
other treatment or no treatment. No significant dif- 
ferences were found between other treatments. 

The percentage of oil found in the nuts from 
treated trees was considerably higher than that 
found in the untreated ones. 

Briefly, the nuts produced on the trees that re- 
ceived three applications of the spray containing 2 
pounds of 25 per cent EPN were of good quality and 
superior to nuts from trees that received any other 
treatment or no treatment. Nuts from the untreated 
trees would have had little commercial value. 

As the work progressed on the shuckworm experi- 
ment it was observed that infestations of the black 
pecan aphid, Melanocallis caryaefoliae (Davis), and 
of the mite Tetranychus hicoriae McGregor were 
developing on unsprayed trees to a greater extent 
than on the trees sprayed with EPN. 
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The Effect of a Folic Acid Antagonist 
on the House Fly’ 


Norman Mirtiin, Miiton S. Konecky, and P. G. 
Priquett,? Entomology Research Branch, Agr. 
Res. Serv., U.S.D.A. 

Investigations of the effects of antimetabolites 
have been made heretofore, but for the most part on 
various microorganisms and higher animals. Rarely 
have their effects on insects been determined. 
Woolley (1952) lists but two compounds that have 
been so investigated. Studies were therefore under- 
taken to determine the effects of antimetabolites on 
the house fly, Musca domestica L. Of particular in- 
terest was the effect on their development and fer- 
tility. 

Goldsmith & Harnley (1950), using the folic acid 
analog and antagonist 4-aminopteroylglutamic acid 
(aminopterin), were able to affect the development 
of the fruit fly, Drosophila melanogaster Meig. It was 
decided to study the same compound in this labora- 
tory to determine its effect on the development of 
the house fly. 

ProcepurE.—A method was developed for testing 
antimetabolites on the house fly. It was decided to 
use the larval stages because development is most 
rapid at that time. The procedure was as follows: 
450 grams of the regularly prepared CSMA medium 
(Anonymous 1953) was treated with the test chemi- 
cal, put into quart jars, and then inoculated with 
500 +25 eggs. A solid chemical, if insoluble in water, 
was triturated with a small amount of the dry in- 
gredients of the medium to increase the bulk, and 
then the mixture was added and thoroughly mixed 
with the remaining amount of dry ingredients. The 
liquid ingredients of the CSMA medium were then 
added in the usual manner. If the test chemical was 
a liquid insoluble in water, it was emulsified with the 
liquid ingredients of the COMA medium using Atlox 
81 (polyoxyethylene sorbitan monooleate) as an 
emulsifier. Solid or liquid chemicals that were water- 
soluble were simply dissolved in the liquid portion of 
the CSMA medium. Babers & Roan (1954) have 
shown, using radioactive phosphorus, that the 
churning action of larvae in this type of medium 
causes them to ingest introduced materials uni- 
formly. The jars were then placed in a rearing room 
and kept at a temperature of 80° +2° F. and relative 
humidity of 50+5 per cent. 

When the larvae had completed their develop- 
ment, eggs were taken from the adults that emerged 
and placed on filter paper in petri dishes to determine 
their viability. Any abnormal effects were observed 
throughout the developmental cycle. The length of 
larval and pupal life and the number of adults 
emerging were recorded. 

In this study the sodium salt of aminopterin,’ a 
water-soluble material, was added to the medium 
and thoroughly mixed therein. Four concentrations 
(Table 1) were used in tests run in pairs. The effect 
of aminopterin alone was first determined. Later 
these tests were repeated and in addition paired tests 
were run with pure folic (pteroylglutamic) acid 
added to the aminopterin-treated medium in an at- 
tempt to reverse the effect. In single tests the effect 
of folic acid alone was also determined by treating 
the medium with different concentrations of folic 
acid, 

Resutts.—The results of the tests are given in 
table 1. Aminopterin had a pronounced effect on the 
development of the house fly. The larval period was 
extended 0.5 to 4 days, depending on the amount 
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introduced into the medium. Although pupation oc- 
curred, there was no emergence of adult flies sub 
jected to 0.1 and 0.05 per cent of aminopterin. A‘ 
these concentrations many larvae died in the larva 
stage. All larvae appeared discolored and starved 
Of those that pupated, many appeared to be of th: 
elongated type described by Barber (1948) as th 
“lethal line.” 


Table 1.—Rate of development of house flies 
fed the sodium salt of aminopterin and folic acid. 








Per Cent ConcENTRA- 











TION Mean NuMBER OF Days 
Aminopterin Folic Larval To 
Salt Acid Period Emergence 
0.0125 7.5 12 
.025 sae 10 13 
05 — 11 None emerged 
oa - 1! None emerged 
025 0.00025 9 12.5 
025 0025 7 12 
025 025 7 12 
.025 a 7 11.8 
—_ 00025 7 11.5 
= 0025 7 11.5 
— 025 7 1.5 
— <a - 11.5 
Control _— 7 11.5 





Where folic acid was introduced in addition to 
aminopterin, a reversal of effect was apparent. All 
concentrations of folic acid except the lowest re- 
duced the larval period to that of the control. Al- 
though the number of emerging adults was not used 
as a criterion in this study, there appeared to be 
considerably fewer emerging adults among flies 
treated with low concentrations of folic acid plus 
antimetabolite than among those treated with higher 
concentrations. 

There was no significant difference in percentages 
of eggs hatching between flies reared in a medium 
containing the antimetabolite and those reared in an 
untreated medium. 

Discussion.—This study indicates that the house 
fly may be well adapted to use as an experimental 
animal in antimetabolite studies. It is further evi- 
dence that the insect lends itself readily to general 
physiological research. Since it has a comparatively 
short life cycle, effects may be observed in a few 
cays. Moreover, this study indicates that the appli- 
cation of antimetabolites in the control of insects 
may be a new approach worthy of investigation. 

The authors believe, however, that more informa- 
tion might have been gained with a chemically de- 
fined medium, had that been available, or from the 
use of sterile medium. The CSMA medium is a com- 
plex empirical mixture containing a heterogeneous 
microbial population the numbers and varieties of 
which differ from jar to jar. A study is being under- 
taken in this laboratory to determine whether a 
sterilized CSMA medium might be developed. 

In spite of these limitations, the results obtained 


1 This work was conducted in part under funds allotted to the 
Branch by the Department of the Army. 

2 The authors appreciate the suggestions and aid of S. A. Hall, 
E. T. McCabe, and 5. R. Dutky in this investigation. 

3 Kindly supplied by J. J. Denton of American Cyanamid 
Company, Bound Brook, N. J. 
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in this study generally confirm the work of Gold- 
smith & Harnley (1950), who reversed the effect of 
uninopterin on Drosophila melanogaster by feeding 
minopterin-treated larvae with folic acid. 

SumMARY.—The sodium salt of aminopterin, a 
ructural analog of folic acid, when added to the 
egular CSMA medium at concentrations of 0.10, 
0.05, 0.025, and 0.0125 per cent, prolonged the larval 
stage of the house fly, Musca domestica L. The first 
iwo concentrations prevented adult emergence alto- 
gether, and the third caused considerable diminution 
in emergence. 

Folic acid in concentrations of 0.0025, 0.025, and 
().1 per cent reversed the action of the sodium salt of 
aminopterin when added to cultures containing 
().025 per cent of this salt. Added by itself at concen- 
trations up to 0.1 per cent, folic acid appeared to 
cause no change in development of the house fly. 
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Telephone Cables Invaded by 
Shrub Bark Beetle 
in Pacific Coastal Region 


G. R. StrusBwe! and R. C. Hau! 


Micracis hirtellus Lec. (Coleoptera: Scolytidae), 
commonly known as the shrub bark beetle (Keen 
1952), has become a pest of some importance to 
telephone communication systems in certain locali- 
ties within the past few years. This insect was first 
reported attacking the lead covering or sheath of a 
telephone cable near San Jose, California in 1927, by 
H. G. Shaw, maintenance superintendent for the 
Pacific Telephone and Telegraph Company. A single 
record since then of Micracis attacks on lead cables 
indicates that the incidence of damage to this ma- 
terial is rare. Recently, however, a newly developed 
and exhaustively tested substitute covering of 
polyethylene plastic has proven to be quite vulner- 
able to attacks by this beetle. 

damage to the new material was first reported in 
June 1951 by H. S. Payne of the Pacific Telephone 
and Telegraph Company. A 5-mile section of a 
newly strung cable 4 miles east of Arcata, California 
was found to contain tiny holes about 1 mm. in 
diameter, numbering approximately 25 per lineal 
yard. These holes (Figure 1) penetrated through the 
plastic covering to the cable within, allowing the 
entrance of moisture, which threatened short- 
circuits in the system. The wires within the cable 
proper were not attacked by the beetles. The dis- 
covery of damage resulted from an investigation to 
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Fic. 1.—Section of polyethylene telephone cable 

sheath showing tiny hole bored by Micracis adult. 

Hole penetrates through sheath to communications 
wires. Enlarged X24. Photo by C. B. Eaton. 


determine the cause of reduced air pressure within 
the cable sheath, which is normally pressurized. 

The origin of the beetles making these attacks was 
traced to cascara buckthorn (Rhamnus purshiana 
DC.) from which bark had been harvested previ- 
ously for medicinal purposes, and to willow (Salix 
spp.) in which the beetles normally breed. This 
source was confirmed and the beetles were identified 
by forest entomologists from the California Forest 
and Range Experiment Station. Identification of the 
insect was verified by W. H. Anderson, specialist on 
bark beetles of the Entomology Research Branch, 
U. S. Department of Agriculture, to whom adult 
specimens were submitted. 

Since 1951, reports of damage by this insect have 
been received from several localities in California 
and Oregon where polyethylene-covered cables have 
been installed. The most recent report was from 
Walnut Creek, California. 

The shrub bark beetle is a small, dark-reddish- 
brown species, about 1 mm. in diameter and 3 mm. 
long. It is a native insect and has been recorded from 
many different localities in the coastal regions of 
California during the past 40 years as breeding in a 
number of species of shrubs and small trees. Besides 





Fic. 2.—Longitudinal section of cascara stem in- 
fested by Micracis. A. Adult in main egg tunnel. 
B. Egg niches. C. Larval mines. Egg niches and 
larval mines are normally packed with frass and 
borings. Enlarged X24. Photo by C. B. Eaton. 


Forest Service, 


1 California. Range Experiment Station, 
U.S.D.A., Berkeley. 
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cascara and willow, it has been reared from dead or 
dying madron (Arbutus menziesii Pursh), California 
laurel (Umbellularia californica (Hook. & Arn.), and 
white alder (Alnus rhombifolia Nutt.). Normally the 
beetle breeds in the stems of these hosts. While no 
detailed studies of the beetle’s life history have been 
made, it appears that there is at least one generation 
per year. It is possible that more than one generation 
may develop in the same stem. The adult bores a 
distinct egg gallery, which is packed with powder- 
like frass. Niches large enough to accommodate a 
single egg are cut along the sides (Figure 2). The 
larvae mine outward from the egg gallery, generally 
parallel with the grain of the wood, and pack their 
tunnels loosely with frass particles. 

Experiments have been conducted for the past 2 
years by the Pacific Telephone and Telegraph Com- 
pany to develop methods of preventing attacks. In 
these tests, coatings of long-lasting insecticides have 
been applied to the outer surfaces of the poly- 
ethylene sheath. Results to date are inconclusive. 
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A Simple Technique for the Applica- 
tion of Unknown Material in 
Paper Chromatography’ 


Epear W. Crark,? Department of Zoology, 
University of California at Los Angeles 


After preparation of hundreds of samples of insect 
haemolymph for amino acid analysis it became ap- 
parent that one of the most time consuming steps 
was the application of the sample to the paper. This 
was especially true when a large volume of sample 
containing a small amount of amino acids was in- 
volved. Therefore a more rapid means of processing 
comparatively large volumes of very dilute amino 
acids for chromatographic analysis was developed 
utilizing small disks of filter paper. In addition to 
avoiding such laborious methods of handling large 
volumes by forced evaporation (e.g., as passing 
streams of warm air over the solution), or repeated 
applications of small aliquots this technique limits 
the area of the initial spot. 

As was noted in an earlier paper (Clark & Ball 
1952) and by others (Block e¢ al. 1952) the smaller 
the diameter of the initial spot, within practicability, 
the more clear and discrete the final spot will be. 
Thus 3/32-inch disks were cut from Whatman #1 
filter paper with a sharp hollow punch which cut 
smooth, flat, clean edged disks. The solutions were 
applied to these disks in one of two ways depending 
upon the number of samples to be run at any one 
time. Both methods used 4-inch pipets made by 
drawing a long capillary point on 3-millimeter glass 
tubing. The first method, used when only one or two 
occasional chromatograms were made, was to hold 
the disk with a pair of pointed slide-lock forceps or 
similar instrument, grasping as little of the disk as 
possible, and then placing it in a ringstand clamp at 
a downward angle. A pipet was filled to equilibrium 
and mounted at approximately 90 degrees to the 
forceps with its point lightly bearing on the disk of 
paper. This allowed the liquid to flow into the disk 
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until it was saturated and then the rate of flow was 
governed by the rate of evaporation, which was 
surprisingly rapid under average laboratory condi- 
tions. 

The second method (Fig. 1) was the same in 
principle except that the paper disks were placed on 
a glass plate and the points of the filled pipets rested 
on the disks. The rack used here accommodated nine 
pipets, was made of duraluminum, and measured 3.5 
inches long, 2.5 inches high and 2 inches wide. On 
this was placed a standard microscope slide which 
had been coated with a non-wetting agent such as 
Desicote (Beckman Instruments) or Dri Film (Gen- 
eral Electric Products) to prevent the spread of the 
liquid. This interfacial tension-reducing compound 
caused any excess flow to form into a hemispherical 
drop over the disk and no appreciable loss of amino 
acid solution was noted. 





Fic. 1.—Technique for paper chromatography. 


The disks thus prepared were sewed to the large 
sheet of Whatman #1 filter paper used for the 
chromatograms in the following way. A small needle 
and thread, with a blood knot tied in the end, was 
passed through the center of the disk and through 
the paper at the usual place, and then a knot was 
tied on the other side. The thread was treated suc- 
cessively with several solutions such as carbon 
tetrachloride, acetone, and strong nitric acid to re- 
move any possible contaminants. The sheets were 
then processed by the routine chromatographic 
techniques. 
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Habits of Drosophila with Reference 
to Animal Excrement' 


Ftoyp P. Harrison, L. P. Dirman, and W. E. 
BrckLey, Maryland Agricultural Experiment 
Station, College Park 


The feeding habits of flies of the genus Drosophila 
are of considerable interest since many species in- 
Juding melanogaster Meig. occur in great abundance 
on fresh and fermenting fruits and vegetables. Be- 
ause of their occurrence on fruit which is normally 
caten raw, flies of this genus have been suspected of 
heing factors in the transmission of organisms that 
may cause disease. Howard (1900) in a brief note in 
the Proceedings of the Entomological Society of 
Washington reported that Drosophila larvae were 
bred from human excrement. He suggested that 
they may have been eaten with fruit and voided by 
the patient. Sturtevant (1918) discussed the habits 
of several species of Drosophila; of these the tropical 
D. caribbea Sturt. is recorded as having been bred 
from feces of a dysentery patient. He reported that 
the adults of this species are most frequently seen 
about excrement. D. repleta Woll. was also reported 
about places where excrement accumulated in 
quantity. He assumed that such material was used 

as larval food though flies were not bred from it. D. 
melanogaster Meig. was reported to be extremely 
rare about excrement. 

In order to obtain information on the attractive- 
ness of excrement to species common in tomato 
fields, fruit jar traps baited with excrement from 
several sources were placed in a tomato field on the 
Maryland Experiment Station farm near Fairland. 
Control traps baited with banana, with tomato, and 
traps with no bait were included in the test. Results 
are given in table 1. All baits were triplicated and 
daily counts of the catch were made from September 
28 to October 2 inclusive, a time when field popula- 
tions were high. The traps were placed in the field on 
September 27. 


Table 1.—Total number of adult Drosophila 
taken in traps. 





NuMBER OF FLies CAUGHT 


Sept. Sept. Sept. 

Bait 28 29 30 =Oct. 1 Oct.2 Total 
Human feces 0 0 0 0 0 0 
Dog feces 0 0 0 0 0 0 
Horse feces 0 0 0 0 0 0 
Cow feces 0 0 0 0 0 0 
Chicken feces 0 0 0 0 0 0 
Banana 77 83 92 42 259 553 
Tomato $08 139 7 17 0 571 
No bait 0 0 0 0 0 0 





There were two significant facts apparent in these 
results: the various species of Drosophila common in 
tomato fields are not attracted to excrement, and 
fresh tomato or tomato in early stages of fermenta- 
tion is highly attractive to them. After decay caused 
by bacteria and fungi sets in, attractiveness of 
tomato to the adult Drosophila is greatly reduced. 
This has been a common observation in trapping 
adult Drosophila in the field; traps to be effective 
must be rebaited daily with fresh tomato fruit. 
Starchy fruits as bananas, which remain in a state of 
fermentation for a comparatively long time before 
bacterial decomposition, retain their attractiveness 
longer. The flies caught were 96 per cent D. melano- 
gaster, 2 per cent D. affinis Sturt. Occasional speci- 
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mens of D. algonquin Sturt. and Dobzh. and D. 
transversa Fallen were taken in these traps. D. 
repleta Woll. which is reported by Sturtevant (1918) 
to be present in large numbers about human excre- 
ment in tropical America was not present, nor has 
this species been collected about tomatoes in Mary- 
land for the past two years. It is possible that in the 
field this species may be confused with D. hydei 
Sturt, and funebris Fab. which occur in large num 
bers about tomatoes late in the season. 

It is the opinion of the authors that the commonly 
used expression that Drosophila (we refer here pri- 
marily to melanogaster though most of our temperate 
species are of similar habit) are attracted to and 
breed on decaying fruits and vegetables is misleading 
as to the true habits of the adults. They are pri- 
marily attracted to fresh and fermenting fruits and 
vegetables where the fermentation is caused by the 
presence and multiplication of yeasts. In unpub- 
lished work, the second author found most simple 
organic acids, alcohols, and esters, that are associ- 
ated with fermentation of fruit when present in low 
concentrations, are attractive to adult D. melano- 
gaster. In our observations when fruit or vegetables 
reach a state of decay caused by bacteria and fungi 
they lose their attractiveness to adult Drosophila 
melanogaster and species of similar habits, either as a 
source of adult food and as a medium for oviposition. 
It is common knowledge that the larvae will develop 
in an aqueous suspension of yeast, with no other food 
and that laboratory cultures do not survive on 
media if bacterial decomposition or if fungus growth 
takes place (Demerec 1950). 
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New Records of Dipterous Parasites 
of Grasshoppers 


R. C. Newton, Entomology Research Branch, 
Ag. Res. Serv., U.S.D.A. 


Dipterous parasites of grasshoppers are now re- 
ceiving more attention than in the past. In 1952 and 
1953 special field observations were made on them 
in Montana and North Dakota, and all parasitized 
grasshoppers and parasite maggots found were pre- 
served in alcohol and later identified.! As a result, 
information was obtained on Acridomyia canadensis 
Snyder and Ceracia dentata (Coq.) in 1952 and 1953 
and on Hemithrizion oestriforme Brauer & Bergen- 
stamm and Acemyta tibialis Coq. in 1953. All four 
species have been reported from Canada. Treherne & 
Buckell (1924) reported a tachinid, Acemyia dentata 


1 Determinations were made by W. W. Wirth, Entomology 
Research Branch. 
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Coq., from Bozeman, Montana, that was probably 
the same species as A. tibialis or C. dentata present 
in our 1952 or 1953 collections. 

In Montana Acridomyia canadensis was collected 
in Gallatin and Park Counties in 1952 and 1953, and 
again in these counties and also in Big Horn County 
in 1953. Maggots were found in the adults of 
Camnula pellucida (Scudd.), Melanoplus mexicanus 
(Sauss.), and M. bruneri Scudd., from July 28 to 
September 25 in both years. A maximum of 28 per 
cent of the adults of C. pellucida were parasitized by 
this species in Park County on August 14, 1953. As 
many as 27 larvae were found in one grasshopper. 

Ceracia dentata was collected in an adult of 
Melanoplus packardii Scudd. in Park County in 
1952. In 1953 it was collected in Park and Sweetgrass 
Counties, Montana, 2nd in McKenzie County, 
North Dakota. One larva identified as probably C. 
dentata was obtained in an over-wintering nymph of 
Psoloessa delicatula (Scudd.) in April 1953 in North 
Dakota. From July 9 to September 9, 1953, C. 
dentata larvae were present in adults of Camnula 
pellucida, in an adult of Melanoplus confusus Seudd. 
and of M. bruneri Scudd., and in a third instar of 
M. bivittatus. Ceracia dentata preferred C. pellucida 
adults, parasitizing about 3 per cent of that species 
from August 5 to 14. 

Hemithririon oestriforme was collected in Park and 
Big Horn Counties in 1953. Maggots were present in 
fourth instars to adults of Melanoplus bruneri and to 
a lesser extent in adults of Camnula pellucida from 
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July 24 to September 25. Larvae were also obtained 
in one adult each of M. bivittatus (Say) and Boopedon 
nubilum during this period. Parasitism by H 
oestriforme reached a high of 11 per cent in M 
bruneri adults on September 17. As many as four 
larvae were present in one grasshopper. 

Acemyia tibialis was obtained from one fifth instar 
and one adult of Melanoplus bruneri in Park Count) 
on August 5 and September 9, 1953, respectively 
This species is apparently of minor importance as a 
grasshopper parasite. 
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Methoxychlor for Codling 
Moth Control 


F. P. Dean and E. J. Newcomer, U.S.D.A., Agr. 
ul al 9 
Res. Serv., Entomology Research Branch 


Methoxychlor has been tested for four seasons at 
Yakima, Washington, for control of the codling 
moth, Carpocapsa pomonella (L.). The method of 
testing was the standardized one (Newcomer & 
Dean 1953), in which full-bearing apple trees are 


Table 1.—Comparison of methoxychlor and DDT for control of the codling moth. 








TREATMENT 
(QUANTITY PER 100 GALLONS) 


1950 (14 trees each) 


NUMBER OF PERCENTAGE 





Methoxychlor (50%) 2 Ib. (Ist cover), 1 Ib. (others) +-parathion 


(15%) 0.5 Ib. 


DDT (50%) 2 Ib. (1st cover), 1 lb. (others)+parathion (15%) 


0.5 Ib. 


1951 (6 trees each) 


Methoxychlor (50%) 2 lb. (1st cover), 1 lb. (others) +parathion 


(15%) 0.75 lb. 


DDT (50%) 2 Ib. (1st cover), 1 Ib. (others)+parathion (15%) 


0.75 lb. 


1952 (6 or 7 trees each) 


Methoxychlor (50%) 2 Ib. (1st and 4th covers), 1 lb. (others) 


+parathion (15%) 1 lb. 


DDT (50%) 2 lb. (Ist and 4th covers), 1 lb. (others) -+para- 


thion (15%) 1 lb. 


Methoxychlor (50%) 2 lb. (1st and 4th covers), 1 lb. (others) 


+parathion (15%) 1 lb.+sticker 1 qt. 


DDT (50%) 2 Ib. (Ast and 4th covers), 1 Ib. (others) +para- 


thion (15%) 1 lb.+sticker J qt. 


Methoxychlor (50%) 2 Ib. (Ist cover), 1 lb. (others) +para- 


thion (15%) 1 lb. 


DDT (50%) 2 lb. (1st cover), 1 tb. (others)+-parathion (15%) 


1 Ib. 


1953 (8 trees each) 








Methoxychlor (50%) 2 lb. (Ist and 3d covers), 1 lb. (2d cover) 
+malathion (57%) 6.5 0z.+DMC (25%) 0.5 pint 

DDT (50%) 2 lb. (1st and 3d covers), 1 Ib. (2d cover) +wetta- 

ble sulfur (97%) 4 Ib. (@d and 3d covers) 


APPLICA- ite j 
TIONS Wormy Injured 
3 1.2 1.5 
3 1.6 28 
3 31.9 36.0 
3 44.4 50.5 
4 6.4 19.1 
5.2 18.3 
4 6.5 19.1 
4 8.0 »9 9 
3 3.5 5.0 
3 3.9 6.7 
3 8.2 9.6 
3 6.6 10.8 
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prayed for a season and the injury is determined on 
the harvested crop. The methoxychlor used through- 
out the test was a 50 per cent wettable powder, and 
comparison was made with a 50 per cent DDT 
wettable powder. In all comparisons the same 
quantity of each material was used, and the same 
»umber of sprays were applied. Each year an acari- 
cide was added to the spray. Parathion was used 
with both materials the first 3 years, but in 1953 
iialathion and DMC were added to the methoxy- 
chlor and sulfur to the DDT. 

Table 1 gives the results of these tests. The differ- 
ence in control with these two materials was very 
sinall, except in 1951. The averages for five compari- 
sons, in which a total of about 40 trees were used for 
each material, are as follows: 


Per Cent Per Cent 

Wormy Injured 
Methoxychlor 5.2 10.9 
DDT 5.1 13.7 


In 1951 the materials tested failed to control the 
codling moths as well as in other seasons. It was 
thought at the time that the moths might have de- 
veloped resistance. However, control in the same 
orchard was satisfactory again in 1952, and it was 
concluded that the failure in 1951 was due to only 
three poorly timed applications in a long season. 
Under these rather extreme conditions methoxychlor 
performed very well, as there was much less wormy 
and injured fruit than from trees sprayed with DDT. 
This might indicate that methoxychlor is somewhat 
longer lasting than DDT. 

In addition to the acaricides included in the 
tables, Aramite, p-chloropheny] p-chlorobenzenesul- 
fonate, demeton, Diazinon (0,0-diethyl 0-(2-iso- 
propyl-6-methyl-4-pyrimidiny]) thiophosphate), 
EPN, R-242, and several experimental acaricides 
have been used with methoxychlor. No evidence of 
injury to fruit or foliage was noted from any of the 
combinations, indicating that methoxychlor is com- 
patible with many other insecticides. 

It is concluded from these tests that methoxychlor 
may have a place in the control of the codling moth 
in the arid sections in the Pacific Northwest. It has 
not been tried in areas of heavy rainfall. 
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Tests with DDT and other Insecticides 
for Control of the Cabbage Looper 
in Southern California 


J. Wincox and A. F. Hownanp, Entomology Research 
Branch, Agr. Res. Serv., U.S.D.A. 


In the fall of 1952 it was reported that DDT had 
failed to control caterpillars on cabbage and cauli- 
flower in southern California. Tests were therefore 
made with DD’LLin comparison with other insecti- 
cides. The cabbage looper, Trichoplusia ni (Hbn.), 
was the only caterpillar found causing serious injury. 
In 1953 observations on this insect on turnips were 
made in the course of a similar experiment for the 
control of flea beetles. 
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The experiment on cauliflower was conducted on 
small plots 3 rows wide and 45 feet long arranged in 
randomized blocks with 5 replicates. On October 8 
and 28 and November 6 dusts were applied with 
rotary hand dusters at the rate of about 40 pounds 
per acre. On November 13 and 20 counts were made 
on 10 plants per plot to determine the number of 
cabbage loopers per plant and per leaf and the num- 
ber of holes they made per leaf. Each of these plants 
was also given a damage rating of 0 to 4, as shown in 
table 1. 


Table 1.—Damage by the cabbage looper to 
cauliflower treated with different insecticide 
dusts. 








| DamMaGe RatInG 





Tora. on 400 PLANTS 
| Pounps |——————- 
or Dust | Per Cent 
PER Reduc- 
INSECTICIDE AcrE | Total tion 
Toxaphene 10% 122 31 86 
DDT 5% plus para- 
thion 2% 119 37 83 
Metacide 2% 116 44 80 
Malathion 5% 121 58 74 
Parathion 2% 118 61 73 
Toxaphene 5% 118 80 64 
DDT 10% 121 91 59 
DDT 5% 116 169! 24 
Check (no treat- 
ment) — 2291 
LSD (odds 19:1) — 36 16 





1 The LSD does not apply to this value, as the corresponding 
data were not used in its calculation. 


Table 2.—Damage by the cabbage looper to 
turnips treated with different insecticide dusts. 








Howes per Lear 





Tora. 
Pounpbs 
or Dust Per Cent 
PER Num-  Reduc- 
INSECTICIDE ACRE ber tion 
Toxaphene 10% 156 0.35 96 
DDT 5% plus para- 
thion 2% 152 48 95 
Parathion 2% 147 .70 92 
Diazinon 4%! 154 3.07 66 
DDT 5% 156 3.32 63 
Check (no treat- 
ment) —~ 8.95° 
LSD (odds 19:1) | —~ 1.62 





1 0,0-diethyl 0-(2-isopropyl-6-methyl-4-pyrimidiny]) thiophos- 
phate. 

2 The LSD does not apply to this value, as the corresponding 
data were not used in its calculation. 


The results indicated that DDT was less effective 
than other insecticides. All the treated plots showed 
less damage than the untreated plots. The 5 per cent 
DDT dust was significantly inferior to the other 
dusts tested; and 10 per cent toxaphene, 5 per cent 
DDT plus 2 per cent parathion, and 2 per cent 
Metacide were significantly better than 10 per cent 
DDT or 5 per cent toxaphene. 
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In the experiment on turnips the plots were 24 
feet long and 5 rows wide, and were arranged in 
randomized blocks with 6 replicates. Five applica- 
tions were made at weekly intervals from August 4 
to September 2, at the rate of 30 pounds per acre 
with rotary hand dusters. The number of holes per 
leaf was determined by examining 10 leaves per plot 
on September 9 (Table 2). As on cauliflower, all 
treated plots were better than the untreated, and the 
DDT dust was less effective than toxaphene, 
parathion, or the mixture of DDT and parathion. 
Diazinon likewise gave inferior results. 


A Rapid Method for Obtaining 
Clean House Fly Pupae 


Harry H. Incuo, U. S. Industrial Chemicals Co., 
Division of National Distillers Products Corp., 
Baltimore, Md. 


Laboratory methods currently in use for rearing 
the house fly, Musca domestica L., generally make 
some provision for separating pupae from the larval 
rearing medium, since approximately uniform test 
lots of adult fies are secured by weighing or count- 
ing out groups of pupae. Most of the procedures 
make use of the natural migration of mature house 
fly larvae from the moist, warm medium to a some- 
what drier and cooler environment prior to pupation. 
For the laboratories using the official Peet-Grady 
(1928) method this means that the larvae pupate in 
the topmost layer of moist medium. This medium 
layer is removed, dried av“ separated from the 
pupae by means of an air blast from a fan. 

Various other methods have been described for 
separating the pupae which eliminate the need for 
drying the medium and blowing it away with a fan. 
Eagleson (1943) obtained clean pupae by placing the 
entire culture on hardware cloth when the larvae 
were mature. The larvae dropped through the open- 
ings and pupated in damp excelsior. Campbell & 
Sullivan (1988) forced the larvae out of the medium 
to pupate in sawdust by adding water to the culture 
jars just prior to pupation. The clean pupae were 
recovered in these two methods by sifting the 
excelsior or sawdust. Basden (1947) separated the 
pupae by placing the entire culture in water after 
pupation had taken place. The wet medium settled 
to the bottom and the floating pupae were skimmed 
off with gauze scoops. 

Goodhue & Linnard (1950) also have described an 
air separation apparatus, used in conjunction with 
the Peet-Grady method, which separates pupae 
from the medium after it has been sifted and dried. 
This device, a “cyclone separator,” rapidly removes 
the lighter dried medium, deposits it in a chaff re- 
ceptacle, and leaves behind the heavier, clean pupae. 
The present paper describes a modification of this 
method which eliminates the necessity of sifting and 
drying the medium by the addition of vermiculite to 
the culture jars at the proper time. 

Rearinc Meruop.—The official Peet-Grady 
method is followed in rearing the house fly larvae, 
except that 800 to 1000 cc. of water are added rather 
than the recommended 750 cc. for each 340 grams of 
dry larval medium. This larger amount of water 
serves to inhibit mold growth and also induces mi- 
gration of the mature larvae from the medium. 
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Three or 4 days after seeding with the house fly eggs 
about 2 inches of expanded vermiculite (approxi- 
mately 1} pints) are placed on the surface of the 
medium. At the time it is added most of the larvae 
have reached maximum growth and are at or near 
the surface of the moist larval medium. The ver- 
miculite layer provides a relatively dry environment 
with a temperature lower than that of the rearing 
medium into which the mature larvae rapidly mi- 
grate, 

Vermiculite is a light micaceous mineral expanded 
into small aggregates composed of thin plate-lik: 
particles. It is a non-abrasive, alkaline material! 
which apparently absorbs enough water from the 
medium to provide optimum moisture for pupation, 
but not enough to hinder separation of the pupae. 
Expanded vermiculite can be purchased from the 
Vermiculite Corporation, Washington, D. C., under 
the trade name ‘“Terra- Lite! Plant Aid (No. 2).” 

SEPARATION OF THE PupAgE.—On the first or sec- 
ond day following the addition of the vermiculite all 
of the mature larvae will have migrated into it and 
some will have pupated. At this time the vermiculit« 
layer is carefully removed and the surface of the 
medium is brushed to remove any adhering larvae or 
pupae. The vermiculite containing mature larvae 
and pupae is held until the sixth or seventh day 
following seeding, at which time all pupation will be 
completed. Although the vermiculite layer may be 
left on the surface of the medium until all of the 
larvae have pupated, this has been found to be in- 
advisable, since heating of the vermiculite by the 
fermenting larval medium apparently hastens pupal 
development and shortens the life cycle. 

The pupae are cleaned by removing the dry 
vermiculite with the Goodhue cyclone separator. If 
an apparatus for separating the vermiculite and 
pupae is not used, the pupae can be sifted out or 
separated in an air blast in the usual manner. 
Figure 1 shows the rearing medium with the added 
vermiculite layer, the vermiculite containing pupae 
after removal from the rearing jar, and the clean 
pupae obtained following separation with the Good- 
hue device. 

Although migration of the fly larvae deposits a 
small amount of rearing medium in the vermiculite 
layer, the particles are usually dry enough to be 
easily separated from the pupae. The vermiculite 
presumably will not support mold growth and 
could be reused if thoroughly dried. However, the 
fact that bits of medium interspersed in the vermicu- 
lite could become moldy makes it advisable to use 
fresh material for each new culture. 

While actual quantitative measurements have 
not been made, the observed losses of fly pupae by 
this method have been extremely low. The described 
technique has been employed in our laboratory for 
the past year and has been found to be highly suc- 
cessful. 
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1 Registered trade mark of the Zonolite Company. 
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Fic. 1.—House fly culture jars with the vermiculite layer removed and 
the resulting clean pupae. 
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Recurrence of the Satin Moth in 
the Pacific Northwest 


Cuartes F, Doucette, Entomology Research 
Branch, Agr. Res. Serv., U.S.D.A. 


The satin moth, Stilpnotia salicis (L.), was first 
reported in the Pacific Northwest in 1920, when 
J.D. Tothill found the caterpillars defoliating poplar 
trees in New Westminster, British Columbia. Ac- 
cording to Glendenning (1924), the first infestation 
of this insect in the Pacific Northwest might have 
been at Vancouver, British Columbia. In 1922 satin 
moth defoliation was found at Bellingham, Wash., 
and subsequent surveys indicated that the insect had 
become established in many localities in western 
Washington from the Canadian border south to 
Seattle (Burgess & Crossman 1927). There was a 
gradual spread southward into western Oregon. In 
1935 infestations were known to be present in the 
Willamette Valley as far south as Albany, Linn 
County (Jones et al. 1938). Up to 1935 serious 
defoliation was common on numerous poplars and 





willows in western Washington and in the Willa- 
mette Valley of Oregon. 

From 1929 to 1934 a number of parasites, includ- 
ing Apanteles solitarius Ratz, were released in in- 
fested areas in western Washington by the staff of 
the Sumner, Wash., laboratory of the Bureau of 
Entomology. These parasites were sent to Washing- 
ton from the Bureau’s laboratory at Melrose High- 
lands, Mass. Details of their release and establish- 
ment are given by Jones et al. (1988) 

A general decrease in satin moth populations in 
western Washington was evident in 1935. This de- 
cline was coincidental with a conspicuous abundance 
and widespread dispersal of A panteles solitarius, and 
is attributed largely to this introduced parasite. The 
decrease in populations was more marked in 1936, 
and since then the numbers throughout the known 
infested area have been so negligible that the insect 
has been practically forgotten. There has been no 
indication of its spread southward beyond the Linn 
County area in Oregon where it was observed in 
1935. 

In June 1953 defoliation of native cottonwood 
trees was observed in the Puyallup Valley about 5 
miles east of Tacoma, Wash. The bare tops of these 
trees were evident at a considerable distance. The 
satin moth was suspected, as the cottonwood tree 
has not been considered a host of the tent cater- 
pillars which were prevalent in some sections. In 
July the adult moths were observed around lights of 
business establishments in Puyallup and Sumner 
during the early evening hours. This appears to be 
the first recurrence of this insect in appreciable num- 
bers in the Pacific Northwest since 1935. 
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Some Improvements in Rearing 
Stable Flies 


Rospert A. CHampLain, Frank W. Fisk, and 
Aurrep C. Dowpy,! Department of Zoology 
and Entmology, Ohio State University, 
Columbus 


The stable fly, Stomorys calcitrans (L.), has ac- 
quired a reputation for being somewhat difficult to 
rear in the laboratory. Using the modifications here 
described, the authors feel that this insect can be 
reared as easily as any other member of the Diptera. 
The rearing of the stable fly was begun at this insti- 
tution late in the fall of 1953, using the method de- 
scribed by Campau et al. (1953). Except as noted in 
this paper, their method has been retained. 

In their procedure, the adults are fed on citrated 
bovine blood and the females lay their eggs directly 
upon the surface of the blood-soaked cellucotton in 
the feeding dishes. Separation of the eggs each day 
proved to be a disagreeable task. In a personal com- 
munication, Dr. Goodhue suggested that he had ob- 
tained oviposition on wads of moist cotton in black 
jar lids placed in square plastic dishes which fit 
tightly in the corners of the breeding cage. The 
females oviposit on the cotton rather than in the 
blood dishes. This innovation was further modified 
by the construction of rectangular boxes of }-inch 
Plexiglass, consisting of a bottom, a back, and two 
ends, the front and top being omitted. The boxes 
measure 8 inches in length, 3} inches in width, and 
4} inches in depth. A cellulose household sponge 
about 1 inch thick is laid flat on the bottom after 
having been thoroughly soaked in water. Since the 
relative humidity in our rearing room is fairly low 
(30-50%), the sponge is put in the box almost drip- 
ping wet in order to allow for evaporation. The plas- 
tic box is then put snugly in one of the front corners 
of the breeding cage. The ends and back of the box 
project about 3 inches above the surface of the 
sponge. Thus the eggs are confined to the sponge 
and the corners of the box. 

When the eggs are collected each morning, box 
and sponge are removed from the cage. The sponge 
is transferred to a dishpan containing about 3 inch 
of water. The eggs are flushed out of the sponge by 
squeezing, and settle to the bottom. Most of the 
water is poured off without losing many eggs. The 
eggs thus concentrated are transferred to a gradu- 
ated centrifuge tube by means of a medicine dropper. 

The eggs are seeded in clear plastic jars? which 
measure 8 inches in diameter and 7} inches in depth. 
Each jar is filled about half full of medium prepared 
according to the Peet-Grady method. The eggs, 
which are seeded at the rate of 0.5 ml. per jar, are 
suspended in water in the graduated tube by shaking 
and then are quickly seeded onto the surface of the 
medium. The jar is then covered with muslin. 

Born (1954), working with house flies, has found 
that the addition of sand to the surface of the me- 
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dium helps to control growths of mold which almost 
invariably occur. In addition, pupation takes place 
in the sand, which, being dry, is easily sifted in 
order to separate the pupae. This procedure was 
tried in our stable fly rearings, but it was found that 
pupation did not occur in the dry sand. Therefore, 
separation of pupae could not be accomplished by 
sifting. An attempt was made to bring the larvae up 
into the sand to pupate by moistening the sand be- 
fore pupation. In these jars, the puparia lay in clus- 
ters on the surface of the sand. In practice, about } 
inch of sand is added to the surface of the larval me 
dium the day after seeding. From about the seventh 
day after seeding, the sand is kept moist until th: 
first few adults emerge, at which time the puparia 
are removed. A clean separation is accomplished by 
removing the sand to a dishpan of water. The float- 
ing puparia are cleaned by stirring, and are skimmed 
off the surface with a wire screen. The screen is 
blotted as dry as possible from underneath with a 
sponge, and then placed on paper towels in a holding 
cage to dry. After drying, the puparia are transferred 
to the breeding culture or to test cages. 

During December, 1953, daily egg production 
dropped from about 1.5 ml. to 0.25 ml. In view of 
the fact that this decrease was preceded by several! 
consecutive overcast days, it was assumed that the 
trouble was due in part, at least, to decreased mat- 
ing activity in the breeding culture. Therefore, con- 
tinuous illumination from a 275 W. ultraviolet sun- 
lamp bulb was employed for several days. Produc- 
tion increased sharply. As usual, eggs were collected 
and seeded daily, and on the fourth day following 
installation of the sunlamp, the eggs collected to- 
taled more than 6 ml. Since that time, the sunlamp 
has been operated to supplement natural light. 

Campau et al. (1953) reported that large cages 
appeared to be best for oviposition, and used one 
measuring 30 by 30 by 28 inches. They stated, how- 
ever, that smaller cages might suffice. The authors 
have set up a separate experimental breeding culture 
of about 4,000 adults contained in a cage 14 by 12 by 
12 inches. Egg production has averaged about 3 ml. 
per day, and the eggs apparently are just as viable 
as those seeded from our 36 by 36 by 36 inch cage. 
The larger cage permits easier access for feeding, 
cleaning, and other operations. 

While some preliminary work has been done with 
eggs and pupae held in a refrigerated incubator 
operating at 12° C., only a few general statements 
can be made at the present time. Pupae are re- 
frigerated dry; eggs are immersed in water. The 
percentage of viable pupae held under these condi- 
tions seems to fall off as the duration of refrigeration 
increases. The maximum period over which pupae 
can be refrigerated is not known, but good emergence 
has been obtained from puparia held thus for more 
than 2 weeks. In like manner, the percentage of vi- 
ability in refrigerated eggs appears to be inversely 
related to time. Hatches of approximately 50 per 
cent have been obtained after refrigeration for 1 
week. However, only few larvae have hatched from 
eggs which had been refrigerated for 3 weeks. 

SummMary.—The modifications suggested here 
relate to the Campau method of rearing stable 
flies. 

1 The authors wish to express their thanks to Dr. Lyle D. 
Goodhue of the Research & Development Dept., Phillips Petro- 
leum Company, and Dr. E. J. Campau of the Research Dept.. 
Standard Oil Company (Indiana). Both offered helpful sugges 
tions, and the former supplied the initial stock of flies. 

2 Manufactured by the Tri-State Plastic Molding Corpora- 
tion, Henderson, Kentucky. 
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Female stable flies oviposit on moist cellulose 
sponges in plexiglass boxes which are placed in the 
ront corners of the breeding cage. 

The addition of sand over the surface of the larval 
medium results in less mold growth, and moistening 
ihe sand prior to pupation aids in ultimate separa- 
tion of the pupae by flotation. 

Activity and subsequent oviposition have been 
stimulated by means of a sunlamp bulb. 

Large cages are not necessary in order to obtain 
oviposition, but are considered to be more practical 
where space permits. 

Pupae and eggs have been successfully refrigerated 
for limited periods of time. 
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A Leaf Roller, Platynota flavedana 
Clem., Attacking Peaches 


S. A. SumMERLAND and D. W. Hamirron, 
Entomology Research Branch, Agr. 
Res. Serv., U.S.D.A. 


Injury to peaches by a leaf roller has been noticed 
in southern Indiana since 1948. At first the injury 
was believed to be caused by the red-banded leaf 
roller, Argyrctaenia velutinana (Whkr.), because 
the appearance of the larvae and the injury to the 
fruit resembled those of this insect. Absence of over- 
wintering pupae in February and March 1950 from 
peach orchards where heavy infestations had been 
present in 1949 aroused suspicion that this was not 
the red-banded leaf roller. These indications were 
strengthened when a single larva found feeding on 
peach in 1950 was reared and identified as Platynota 
flavedana Clem. No leaf roller larvae could be found 
feeding on peaches in 1951 and 1952. 

In 1953 leaf roller larvae were again active on 
peaches in southern Indiana, Illinois, and Kentucky. 
Infestation records taken near Vincennes, Indiana, 
showed injury of more than 2 per cent in two peach 
orchards. Twenty-seven adults reared from larvae 
collected from three peach orchards near Vincennes 
and the Western Kentucky Agricultural Experiment 
Station Orchard at Princeton,! were identified by 
J. F. G, Clarke, of the former Bureau of Entomology 
and Plant Quarantine, as Platynota flavedana. 

No adults of the red-banded leaf roller were reared 
from the larvae found feeding on peaches. It seems 
likely that much of the leaf roller injury to peaches 
reported from the Middle West in recent years was 
caused by Platynota flavedana. 

Platynota flavedana adults have been reared from 
larvae on apples and taken in bait traps in apple 
orchards near Vincennes; thus apples as well as 
peaches are its host. No serious infestations have 
been observed on apples. 

The literature has the following references to 
Platynota flavedana Clem.: 

Described in 1860 by Clemens. Listed by Robin- 
son in 1869 and by Dyar in 1903. Mentioned as 
occurring in Tllinois by S. A. Forbes (1905). Re- 

ported by Smith (1910) as a general feeder in New 
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Jersey. Reported as common and generally dis- 
tributed in New York by W. T. M. Forbes (1923). 
Found in Texas by Bottimer (1926) on yellow ray 
flowers of Helianthus sp. and Eupatorium compos- 
itifolium Walter. Discussed as a pest of roses in a 
greenhouse in New Jersey by C. C. Hamilton 

(1940). Found injuring strawberries in Ohio by 

Neiswander (1944). 

A dipterous parasite identified by C. W. Sabrosky, 
of the former Bureau of Entomology and Plant 
Quarantine, as Anachaetopsis tortricis (Coq.) was 
reared from one larva. Larvae are also attacked by a 
virus known as granulosis, which is common in red- 
banded leaf roller larvae throughout southern 
Indiana. 
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1 Collected by W. D. Armstrong. 


The Cotton Leaf Perforator and Its 
Control in the Southwest 


W. A. STEVENSON and Wn. Kavurrman,! 
Entomology Research Branch, Agr. 
Res. Serv., U.S.D.A. 


The cotton leaf perforator, Bucculatriz thurberiella 
Busck, has been recognized as a cotton pest in parts 
of Arizona and southern California for 40 years. At 
one time it was considered to be the most serious 
pest in the Imperial Valley of California, and was a 
factor in discontinuing the culture of cotton in this 
Valley in the 1930’s. In recent years cotton has 
again become an important crop. 

The damave to commercial cotton in Arizona has 
varied from year to year and has been highly local- 
ized, but has always been greatest in the warmer 
valleys. The injury to the plants usually occurs late 
in the season, and under heavy infestations the 


1 The authors were assisted in the field work by L. W. Sheets. 
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plants are defoliated. This type of injury not only 
causes shedding of the squares and small bolls, thus 
reducing the vield, but also results in the premature 
opening of the larger bolls, which produce a low 
grade of cotton. Under favorable conditions for an 
early-spring build-up of this pest, seedling cotton 
may also be seriously damaged. This occurred in 
certain areas of the Salt River Valley of Arizona in 
1943 following a very mild winter and the early 
sprouting of the previous year’s cotton plants that 
had not been plowed under. Stub cotton is also an 
early breeding ground. 

This perforator was widespread in Yuma, Mari- 
copa, and Pinal Counties of Arizona and in southern 
California in 1953. Since it breeds rapidly and has 
only two brief external feeding stages, it has proved 
to be rather difficult to control economically. 

Lire Cycie.2—Small, straw-colored, projectile- 
shaped eggs are placed on both sides of the leaves 
and also on the bolls. Eggs deposited during mid- 
summer require from 3.2 to 4 days for incubation. 
After hatching the larva immediately enters the leaf 
at the point where the egg was attached and makes 
a serpentine tunnel. However, it sometimes enters 
the bolls and tunnels between the carpel of the boll 
and the inner lining. In this stage the perforator has 
been confused with the pink bollworm. After 2 to 5 
days the larva molts and emerges from the tunnel 
and feeds on either surface of the leaf for 1 to 2 days. 
The second-stage larva then spins a_horseshoe- 
shaped web about itself, under which it molts. After 
1 to 13 days the third-stage larva comes out of the 
web and feeds for about 2 days. It then spins a co- 
coon somewhere on or near the plant, and changes 
into the pupal stage. After 5 to 7 days a small light- 
colored cigar-shaped moth emerges. 

From this briefly described life cycle, it is seen 
that many generations are possible in one season, 
and that there are only two brief external feeding 
stages. The life cycle described above is for the sum- 
mer months. 

Controut.—The cotton leaf perforator has a 
number of natural enemies, but the greatest degree 
of control is exerted by a small hymenopteron that 
is parasitic on the larvae in the tunnels. No doubt 
this parasite, belonging to the genus Closterocerus, 
plays an important part in holding this pest in check 
at times. Chemical control with arsenicals has at 
best been only fairly satisfactory. Large acreages 
were treated with lead arsenate in the Imperial 
Valley of Baja California in the 1930's and in Ari- 
zona with calcium arsenate in 1943. Numerous ex- 
ternally feeding larvae were killed, but owing to the 
overlapping generations and the rapid breeding 
habits of the insect, the treatments were far from 
satisfactory. 

In 1945 a field test with DDT and sabadilla was 
made near Eloy, in Pinal County, Arizona. The in- 
secticides were applied with hand dust guns at the 
approximate rate of 20 pounds per acre. The results 
of this test, given in table 1, show DDT to be highly 
effective on the external feeding stages within 24 
hours, but that sabadilla gave no significant control. 
On large commercial acreages in Arizona treated 
with DDT after 1945, this material proved effective 
only for comparatively short periods, and in most 
cases repeated applications were necessary. 

In 1953 in several field trials 15 per cent of toxa- 
phene plus 5 per cent of DDT gave more satisfac- 
tory control than DDT alone, and large acreages 
were treated with this mixture. Experiments with 
endrin were conducted late in 1953. An emulsion 
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spray applied at the approximate rate of 4 gallons 
per acre deposited 0.2 pound of endrin and a 2 per 
cent dust applied at 20 pounds per acre deposited 
0.4 pound. This insecticide proved to be highly ef- 
fective. On the plots treated with the spray not a 
single live larva was found. The results with the 
dusts are shown in table 2. 


Table 1.—Number of cotton leaf perforators 
killed with DDT and sabadilla dusts near Eloy, 
Ariz., in 1945. Each treatment applied to 10 cot- 
ton plants. 








BEFORE AFTER 
TREAT- TREAT- 
INSECTICIDE MENT MENT 
Sabadilla (in pyrophyllite) 
5% 197 149 
10% 175 137 
DDT 5% plus sulfur 85% 
Fused 248 0 
Simple mix 290 0 
Untreated check 240 267 





Table 2.—Results of field tests with endrin 
dusts against the cotton leaf perforator on cotton 
in Arizona in 1953. 





NuMBER OF LARVAE 





NUMBER OF PER LEAF 
LARVAE - —_— 
PER Lear DATE OF In 
DATE OF BEFORE OpsEeRVA- Dusted Untreated 
DustTING DustTING TION Plots Plots 
Tests at Mesa 
Sept. 16 4.5 Sept. 17 0 4.0 
21 0 9.8 
25 0 4 
28 0 3 
Tests at Tuscon 
Oct. 14 6.3 Oct. 15 _ 5.8 
16 _- §.8 
19 5.4 20 0.6 3.3 
21 3 2.3 
22 4 1.9 
23 8 1.8 
26 4 1.8 





2 From unpublished reports by V. V. Williams, T. C. Barber 
and H. C. Young of the former Bureau of Entomology and Plant 
Quarantine. 


An Infestation of the European Hen 
Flea in Maine 


F. R. Saaw and C., L. Hovey! 


Recently a severe infestation of fleas in a poultry 
house in Augusta, Maine was reported to one of the 
field representatives of the Eastern States Farmer's 
Exchange. The infestation was reported being so 
severe that the litter appeared to be almost “‘crawl- 
ing” with the fleas. In addition to attacking the 
poultry the fleas bit anyone who went into the hen 
house. 

1 Associate Professor of Entomology, University of Massa- 


chusetts, Amherst, and Entomologist, Eastern States Farmers 
Exchange, West Springfield, Massachusetts, respectively. 
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Samples of the litter were obtained and a goodly 
number of larvae, pupae and adults of a flea were 
found to be present. Presence of these stages indi- 
cated that the fleas were actively breeding in the 
litter. 

Tentative determination of the fleas by the senior 
author indicated they were Ceratophyllus gallinae 
(Schrank). In order to make certain of these identi- 
fications specimens were sent to Dr. G. P. Holland 
of the Canadian Department of Agriculture at 
Ottawa who verified the determination. He also in- 
dicated that this flea commonly does bite man. 

In order to control this infestation it was recom- 
mended that a dust containing 5 per cent DDT, at 
the rate of 1 pound per 100 square feet of floor area, 
be applied to the litter. Following this application 
the owner reported that he considered the problem 
was under control. 


Toxicity of Malathion to the Northern 
Fowl Mite 


L. E. Vincent, D. L. LinpGren and H. E. 
Kroune,! University of California Citrus 
Experiment Station, Riverside 


Preliminary investigations with malathion indi- 
cate this compound shows promise in the control 
of the northern fowl mite, Bdellonyssus sylviarum 
(C. & F.), on poultry. All tests were conducted with 
White Leghorn chickens and arbitrary criteria were 
established to express degree of infestation (0=no 
mites observed; 1=one to several mites, no greying 
of feathers; 2=numerous mites with greving of 
feathers; and 3=many mites with blackened feath- 
ers and scaly skin). 

To establish the acaricidal action of malathion 
six hens were chosen with varying degrees of infesta- 
tion (Table 1), and treated with 4 per cent mala- 
thion dust as follows: three of the birds were treated 
with a puff type hand duster, applying two full 
strokes of the plunger per bird and directing the 
dust into the feathers around the vent and breast; 
the other three birds were individually hand-dusted 
by ruffling the acaricide thoroughly into the feathers 
about the vent and breast. Following treatment the 
birds were placed in individual wire cages off the 
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Table 1.—Results! of applications of 4 per cent 
malathion dust to White Leghorn Chickens. 








Days FoLLowInG 





TREATMENT 

Brirp METHOD OF — 

No. APPLICATION 0 1 4 7 14 21 28 
1 Puff duster ot 0 tb 0 VC 
Q Puff duster ee. 6. 6 't C's 
3 Puff duster 200 0 0 0 0 
4 Hand dusted 3 0 0 0 0 0 0 
5 Hand dusted eo 6 @° 6° 6 
6 Hand dusted ro ¢& et @ tt 





1 Infestation rated on a scale of 0 to 3 as described in the first 
paragraph of this paper. 


ground for further observation. The results are 
given in table 1. It will be observed that no live 
mites were found on the birds up to 4 weeks follow- 
ing treatment. Chickens thoroughly hand-dusted 
with a 25 per cent malathion dust showed no ad- 
verse effects. Subsequent experiments using large 
numbers of caged birds dusted with 4 per cent 
malathion dust using a puff duster also gave effec- 
tive control of this mite. 

Flock treatments were conducted at a breeding 
farm where each house was divided into 10 sections, 
each section containing approximately 400 hens 
and 40 roosters. The treatments, replicated four 
times, consisted of: (a) 40 per cent nicotine sul- 
phate 1:10 mix applied by the drop method to each 
bird; (b) 4 per cent malathion dust broadcast by 
hand on the litter at the rate of 1 pound per 20 
square feet and a small handful mixed with the 
nesting material in each nest: and (c) a combination 
of (a) and (b) above. A section was used for each 
treatment. Approximately 5 per cent of the flock was 
checked at each inspection, the birds being caught 
at random. Results are given in table 2. Of the three 
treatments nicotine sulphate was the least effective 
indicating that the mites in the litter and nests were 
reinfesting the birds. The malathion dust treatment 
applied to the litter and nests appeared to be more 


1 The authors wish to express their appreciation to Dr. W. H. 
Ewart for conducting the taste panel. 


Table 2.—Percentage infestation following various treatments' to White Leghorn Chickens. 








‘TREATMENT 0 


Nicotine sulphate 40%, 1:10 mix 91.3 2.5 
Malathion, 4% dust 88.8 ES 
Nicotine sulphate 40%, 1:10 mix 


; 95. 
Malathion, 4% dust i ° 
Nicotine sulphate 40%, 1:10 mix 75.0 5.0 
Malathion, 4% dust 83.3 0 
Nicotine sulphate 40%, 1:10 mix 100 0 


Malathion, 4% dust 








Days FoLtow1nGc TREATMENT 


14 21 28 35 42 
Hens 

2.5 11.3 23.8 25.0 $1.3 
0 1.8 3.0 :.3 11.3 
0 0 0 0 1.3 

Roosters 

0 50.0 100 100 100 
) 0 0 25.0 8.3 
0 0 0 0 0 





a small handful mixed with the nesting material in each nest. 


' Nicotine sulphate applied to each bird by drop method. Malathion broadcast by hand on litter at rate of 1 Ih. per 20 sq. ft plus 
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effective than the nicotine treatment even though 
no direct application of malathion was made to the 
birds. The combination treatment consisting of a 4 
per cent malathion dust applied to the litter and 
nests, and a 1:10 mix of 40 per cent nicotine sul- 
phate applied by the drop method to each bird ap- 
peared to be the most effective. 

Since eggs are generally quick to reflect off-flavors 
present in food consumed by laying hens a test was 
instituted whereby 50 parts per million of malathion 
was included in the diet of 25 caged chickens. The 
only feed received by these chickens was that con- 
taining the malathion. Eggs were collected daily 
and those collected on the third and tenth days fol- 
lowing the introduction of the malathion into the 
diet were subjected to a taste panel the day follow- 
ing collection. The eggs were boiled for 30 minutes, 
the shell removed and the egg quartered longitudi- 
nally, each taste unit consisting of one-quarter of a 
hard-boiled egg. The triangular test was employed 
with a panel of 18 persons. No evidence of a flavor 
effect was detected. This indicates that no off-flavor 
effects would be obtained in eggs laid by chickens 
feeding on wheat broadcast in litter treated with a 
4 per cent malathion dust. 

Daily records kept by the poultrymen indicated 
that the treatments had no effect on egg production 
or hatchability. 

Although these results are preliminary and in- 
clude only dust applications it appears that mala- 
thion may effectively control the northern fowl mite 
on poultry. 


A Wind Frame for Trapping Insects 
in Flight 
C. R. Moretanp' 


In 1952 an ecological study of the clover seed 
weevil, Miccotrogus picirostris (F.), at the Ontario 
Agricultural College (Moreland 1954) involved ob- 
servations on the effect of wind on dispersal. This 
note describes a wind frame used to collect the 
adults. The frame may be widely used for study of 
small insects, since many species other than M. 
picirostris were collected. The frame is essentially a 
sticky trap and is of value for studies of vertical dis- 
tribution and time of flight as well as the effect of 
wind velocity and direction on dispersion of insects. 

The trap (Fig. 1) was prepared in such a manner 
that air currents could readily pass between narrow 
sticky surfaces rather than having to deflect around 
a wide, solid barrier. A 4 in. by 4 in. by 8 ft. post was 
set in the ground to a depth of 33 feet. A 2 in. by 4 
in. by 16 ft. scantling was hinged and bolted to it. 
Horizontal crossbars 1 in. by 2 in. by 3 ft. were fast- 
ened to the seantling at 1-foot intervals. On these 
crossbars were tacked four vertical strips of 2-inch, 
heavy, kraft paper on which Tangle foot was smear- 
ed as required. When erect, the frame was steadied 
by three aluminum guy wires. By loosening the 
front wire and removing the bolts, the frame could 
be lowered onto a wooden horse for careful examina- 
tion. Each vertical strip was divided into sections 
to facilitate the recording of data. 


LITERATURE CITED 
Moreland, C. R. 1954. Some aspects of the 


ecology of the clover seed weevil, Micco- 
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Fic. 1.—Diagram of front and 
side views of wind frame. 


trogus picirostris (F.) (Coleoptera: Curcu- 
lionidae) (in press). 


1 Technical Officer, Pesticide Testing Laboratory, Ottawa 
Canada, 
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‘comparison of Demeton Dusts and 
Sprays on Beans and Strawberries 


J. Witcox and A. F. Howtanp, Entomology 
Research Branch, Agr. Res. Serv., U.S.D.A. 


In field experiments in California, demeton dusts 

nd sprays at different dosages were compared for 
the control of the two-spotted spider mite, Tetrany- 
chus bimaculatus Harvey,' and the western flower 
thrips, Frankliniella moultoni Hood,? on lima beans 
in 1952, and of the two-spotted spider mite and the 
strawberry aphid, Capitophorus fragaefolii (Ckll.), 
on strawberries in 1953. The sprays were prepared 
at dilutions of 1-19, 1-39, and 1-79 from a liquid 
concentrate that contained 3 pounds of demeton per 
gallon in 1952, and 2 pounds per gallon in 1953, at 
dilutions of 1-14, 1-29, and 1-59. They were applied 
with a special high-pressure hand mist sprayer. 
The lima bean plots were 50 feet long and 5 feet 
wide (2 rows), and the strawberry plots were 32} 
feet long and 9 feet wide (3 beds). Six replicates were 
made in randomized blocks. 

The application on lima beans was made on 
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August 15, and the counts on 10 half-leaflets per 
plot were made on August 22 and 26. At the time of 
application mite populations were very high and 
thrips populations were medium. 

As shown in table 1, demeton was more effective 
as a spray than as a dust for the control of the two- 
spotted spider mite. However, all treatments gave 
excellent control, except the dust applied at 5 
pounds per acre. Control increased with the dosage. 

Against the western flower thrips the sprays were 
better than the dusts, but only the high spray dos- 
age gave excellent control. Control increased with 
the dosage, and there was a significant difference be- 
tween the low and high dosages of both sprays and 
dusts, and between the low and medium dosages of 
the dusts. All but the low dosage of dust were better 
than the check. 

The application on strawberries was made on 
March 27, 1953, and six weekly counts of five leaflets 
per plot were made, the last count on May 5. The 
results are shown in table 2. 


1 Determined by E. A. McGregor, U.S.D.A. 
2 Determined by S. F. Bailey, Univ. of Calif. 


Table 1.—Control of the two-spotted spider mite and the western flower thrips on lima beans with 
demeton sprays and dusts. Smeltzer, Calif., 1952. 

















RATE PER ACRE MITES THRIPS 
Per CENT OF Per Per 
DEMETON Mixture Demeton Leaflet Reduction Leaflet Reduction 
Gallons Ounces Number Per Cent Number Per Cent 
Spray 1.80 4.8 11.4 + 99 0.22 91 
.90 4.8 §.7 13 97 .53 78 
45 4.5 £7 26 93 .80 68 
Pounds 
Dust 4 22 13.9 15 96 58 76 
11 7.0 29 92 .83 66 
5 3.5 124! 68 1.90 23 
Untreated check 382! - 2.47! os 
LSD (odds 19:1) - 10 48 





' The LSD does not apply to this value as it was not used in the analysis. 


Table 2.—Control of the two-spotted spider mite and the strawberry aphid on strawberries with 


demeton sprays and dusts. Stanton, Calif., 1953. 











RATE PER ACRE 


Per CENT OF 
DEMETON Mixture Demeton 

Gallons Ounces 

Spray 1.6 4.8 13.6 

8 4.8 5.8 

4 5.2 2.9 

Pounds 

Dust 2 41 12.2 

19 5.6 

9 2.8 


Untreated check 


LSD (odds 19:1) 


Mires APHIDS 
Per Per 
Leaflet Reduction Leaflet Reduction 
Number Per Cent Number Per Cent 
0.34 98 0.04 99 
.93 95 14 97 
2.31 88 18 97 
1.21 94 .05 99 
3.11 84+ ane 97 
7.21 68 94 
19.61! 5.33! 
3.18 Py 








' The LSD does not apply to this value as the corresponding data were not used in its calculation. 
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The sprays were consistently more effective than 
the dusts against the two-spotted spider mite. The 
high and medium dosages of dust and all spray dos- 
ages were better than the low dosage of dust. All 
treatments were better than the check. 

All dosages gave excellent control of the straw- 
berry aphid, and the high dosage tended to be better 
than the low dosage. There was no appreciable dif- 
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ference between sprays and dusts. 

It seems evident from these experiments that 
demeton mist sprays are more effective than deme- 
ton dusts against the two-spotted spider mite and 
the western flower thrips on beans, and against this 
spider mite on strawberries. The effectiveness in- 
creased with the dosage. 


BOOK REVIEWS 


CLASSIFICATION OF INsEctTs. By Charles T. Brues, 
A. L. Melander and Frank M. Carpenter, 917 pp., 
1219 figs. Bulletin 108, Museum of Comparative 
Zoology at Harvard University. 1954. Price $9.00, 
bound, 


“Classification of Insects,” published by Brues 
and Melander in 1932, has been an extremely useful 
reference work to people in virtually all the different 
fields of entomology. The entire profession will, 
accordingly, be pleased to know that a revision of 
this book, reflecting the very considerable recent 
advances in our knowledge of insect classification, is 
now available. The task of developing this revision 
involved study and evaluation of a very large volume 
of new literature. The extent of this mass of litera- 
ture is suggested by the bibliography of the Diptera, 
which in the revised edition occupies 125 pages as 
against 28 pages in the first edition. The new volume 
is about one-third larger than the original work, 
accounted for principally by the enlarged bibliogra- 
phies and the inclusion of a new section, Part III, 
which deals with the extinct families of insects and 
which is developed on the same pattern as the main 
part of the book. It indicates the extent and nature 
of the extinct orders and families that have been 
discovered thus far and shows the classification 
scheme that is currently followed. 

In their evaluation of the literature which has 
appeared since 1932 the authors have applied the 
same high standards evident in the earlier publica- 
tion and have incorporated all that seemed to them 
to represent sound advances. At the same time their 
first-hand knowledge has grown very greatly and 
this is reflected in refinement of the keys to many of 
the insect groups. In the Acarina, where the number 
of active workers has increased greatly since 1932, 
and where current activity suggests that extensive 
modifications of the classification may be expected, 
the treatment is commendably conservative. The 
excellent simplified illustrations of the first edition 
are repeated and they are supplemented by a num- 
ber of others in the same general style and of com- 
parable excellence. This reference work deserves a 
place in every entomological institution and on the 
bookshelf of every individual worker in this field. 

C. F. W. Mvueseseck 


ENTOMOLOGY (MEDICAL AND VETERINARY) INCLUD- 
ING INsecticipEs & Insect & Rat ContrROL. By 
D. N. Roy and A. W. A. Brown. ix and 413 pages; 
192 and 13 figures. Excelsior Press, Calcutta, In- 
dia. 1954. Price $8.00. 


This volume consists of two parts: the first, by 
D. N. Roy, dealing with the entomological aspects, 
and the second, by A. W. A. Brown, covering insec- 
ticides and insect and rat control. 

In the first part the author has made a creditable 
job of compressing the entire field of medical ento- 
mology into 290 pages. The high degree of condensa- 
tion necessary has, however, resulted in some over- 
simplification. For the same reason a reader without 
background in entomology might find some of the 
sections difficult to follow, as there are some gaps in 
the groundwork as presented. Small errors, some 
typographical, are not rare. Most of the insects of 
importance to the medical entomologist are men- 
tioned, their salient characters listed, and their 
habits, importance and control briefly described. 
Emphasis is given to the Asian species but many 
species of importance in other continents are also 
mentioned. Coverage of insects of purely veterinary 
importance is much less complete. 

In the second section, the author covers the chem- 
istry, toxicology, and application of insecticides, and 
methods of chemical control of insects and rodents. 
The presentation 1s concise (109 pages) and excellent. 
Following a brief history of the use of insecticides 
the modern insecticides are discussed individually. 
The chlorinated hydrocarbons (both insecticidal and 
acaricidal) from DDT to endrin, organic phosphates 
(topical and systemic) from HETP to schradan, 
EPN and malathion, dinitro compounds, thiocya- 
nates, sulfur compounds, botanicals, and inorganic 
compounds are covered. Fumigants, solvents, emul- 
sifiers, and formulation of insecticides are briefly 
discussed. The sections on toxicology and applica- 
tions of insecticides are equally comprehensive, 
though brief. The control measures for specific in- 
sects embrace the latest approved chemicals and 
methods. Though less recent, many American work- 
ers may prefer the author’s more complete “Insect 
Control by Chemicals.” 

Carrouu N. SMITH 
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EDITORIAL 





Your Journal 


The JouRNAL belongs to the member- 
ship of the Entomological Society of 
America. Improvement in its content de- 
pends on the whole-hearted cooperation of 
authors, or in many instances upon their 
supervisors and others who are able and 
willing to review manuscripts critically 
for this purpose. Obviously the JouRNAL 
can be no better than the manuscript ma- 
terial submitted for publication therein as 
far as subject matter is concerned. In the 
past its pages have been reserved almost 
entirely for reports on the results of origi- 
nal research and no manuscript which has 
been published elsewhere, either wholly or 
in essential part, has, intentionally, been 
accepted for publication. Authors are 
urged to cooperate fully in complying 
with this cardinal manuscript rule and to 
call the Editor’s attention to infractions of 
it. 

Much delay in processing manuscripts 
submitted for publication would be 
avoided if authors would follow the Publi- 
cation Policies and Rules (see Vol. 45: 
153) and the Manuscript Rules and Sug- 
gestions (see inside of back cover) now in 
effect. Because of the recent merger of the 
two principal North American Entomo- 
logical organizations it is logical to expect 
more changes in publication policies and 
rules at this time than formerly. Authors 
should anticipate changes from time to 
time and keep up to date on them as well 
as other matters, such as, the Society’s 
adopted common names of insects and of 
insecticides, use of which is mandatory in 
the JouRNAL. It is expected that new lists 
of these common names will become avail- 
able to the membership before the end of 


1954 or shortly thereafter. 

Publication of the JouRNAL as sched- 
uled is still a primary objective. Every 
effort will be made to publish papers as 
promptly as possible. Promptness in pub- 
lication varies with the volume of material 
submitted and also requires the coopera- 
tion of all authors who should follow these 
additional suggestions: (a) give special 
attention to clarity, comprehensiveness, 
and conciseness; (b) avoid using longer 
titles or listing more authors’ names than 
actually necessary; (c) submit manu- 
scripts in the form used by the JourNAL, 
especially with regard to informative side- 
headings, literature cited, and footnotes; 
(d) supply only clear figures that unques- 
tionably are suitable for reproduction and 
indicate reduction permitted; (e) return 
galley proof promptly, limiting alterations 
to typographic and factual errors. 

As interesting or fascinating as editing 
the JouRNAL can be, making changes in 
the writings of others is, in general, one 
of the most thankless of all jobs. Changes 
are not made arbitrarily but mostly for 
the sake of brevity, clarity, or to comply 
with the customary form used in the 
JOURNAL. Much patience, tolerance, and 
understanding will be necessary to main- 
tain equanimity on all occasions that 
arise—and the Editor hopes he will not be 
found lacking in these attributes. Sug- 
gestions and criticisms having as their 
major objective the improvement of the 
JOURNAL, or its editorial policies and 
rules, are not only solicited but urgently 
requested. Write to the Editor or to any 
member of the Editorial Board. Remem- 
ber, it is your JouURNAL! 





PROCEEDINGS OF THE TWENTY-FIFTH 
ANNUAL MEETING 


EASTERN BRANCH, ENTOMOLOGICAL SOCIETY OF AMERICA 
Bellevue-Stratford Hotel, Philadelphia, Pa. 
November 16 and 17, 1953 


The Twenty-fifth Annual Meeting of the Eastern 
Branch, Entomological Society of America, was 
called to order by the Chairman, P. J. Chapman, 
at 9:30 a.m. November 16 in the Bellevue-Stratford 
Hotel, Philadelphia, Pa. Due to a full program of 
over 60 paper titles, brought about by the amalga- 
mation of the Entomological Society of America and 
the American Association of Economic Entomolo- 
gists, it was necessary to run two sections part of the 
time. The general sessions and section A, the eco- 
nomic papers, were presided over by the Chairman, 
P. J. Chapman and the Vice-Chairman, H. G. 
Walker. Section B, the non-economic papers, were 
presided over by S W. Frost and L. M. Roth. In 
addition a symposium, “Genetics in Entomology: 
Hybridization and Pesticide Resistance” was held 
the evening of November 16. The Moderator of the 
symposium was H. H. Schwardt of Cornell Uni- 
versity. Invited speakers who took part in the pro- 
gram were R. I. Sailer, U.S.D.A., Lloyd E. Roze- 


REPORT OF THE SECRETARY-T'REASURER 


The Secretary worked with the Program Commit- 
tee made up of E. H. Wheeler, Ashley B. Gurney 
and C. C. Alexander, Chairman, in planning and 
arranging for the 25th Annual Meeting. It was antic- 
ipated that more paper titles would be submitted 
than in former years due to the amalgamation of the 
two old entomological societies and because the 
parent association’s annual meeting was scheduled 
for Los Angeles in 1953. Preliminary notices of the 


boom of John Hopkins University, James C. King 
of the Long Island Biological Association, Floyd F 
Smith, U.S.D.A., and James F. Crow of the Uni 
versity of Wisconsin. President C. E. Palm of the 
parent association addressed the group at the open 
ing session and invited those present to attend th 
National Meeting to be held in Los Angeles, Cali 
fornia in December of 1953. 

At the first business meeting the report of the 
Secretary-Treasurer was read and the financial 
statement presented was referred to the Auditing 
Committee. CHAIRMAN CHAPMAN appointed the fol- 
lowing committees: 

Nominations: Epw1in Goutp, F. Ray Barron, 
Jr., R. I. Sarcer and Fioyp F. Samrru, Chair- 
man. 

Auditing: J. O. Pepper and M. D. Leonarp. 

Resolutions: W. E. Furminec, Ray R. Kriner, 
Grorce 8. LANGrorpD and Dona.p L. Coutts, 
Chairman. 

meeting were sent out in June to all members resid 
ing in the Eastern Branch territory with a second 
notice going out in late September. 

The number of paper titles sent in made it neces- 
sary to change the meeting place from the Warwick 
Hotel to the Bellevue-Stratford where suitable meet- 
ing rooms were available. The 60 paper titles sub- 
mitted were arranged in a program where two ses- 
sions were run concurrently the afternoons of each 
of the 2 days. The symposium which was held in the 
evening of the first day was well attended. 


FINANCIAL STATEMENT 


Balance on hand, November 18, 1952 


$ 658.17 


Rec ei pts 


Dues for 1952-53. 


Collected 12 coupons at $12.50 each on U.S. Treasury Bonds. . 150.00 


Tota. ReEcEIPTS 


#430 .00 
580.00 


$1,238.17 


Disbursements 


Wm. Baumgarten & Co.—Badges 1952 meeting 
Stark-Films—Projection Equipment 

Stryker Press—1952 Programs 

Payment to Secretary-Treasurer 1953... . 


Expenses of Secretary-Treasurer 24th Annual Meeting 


Clerical Expenses. . 
Stamped Envelopes 


Double payment of Dues 


Tota DISBURSEMENTS. . 
Balance on hand, November 4, 1953 

(Deposited in First National Bank of Cranbury, N. J.) 
Four U.S. Treasury Bonds. . 





30.60 


62 .25 
200.00 
31.55 


42.10 


13 .27 76.88 
26.00 


$ 534.38 
% 703.79 
3,965.55 
$4,669.34 
Byr.ey F. DriaGers, 
Secretary- Treasurer 
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At the final business sessions on November 17, a 
w constitution and by-laws were presented by a 
<pecial committee appointed by the Chairman. This 
smmittee, made up of J. E. Dewey, M. P. Jones, 
W. Reed and B. B. Pepper, Chairman, had made 
available mimeographed copies of the proposed con 
titution and by-laws at the beginning of the meet- 
ng. The constitution and by-laws were read by 
HAIRMAN Pepper and discussed in open meeting. 
No changes were made in the discussion from the 
floor and the new Constitution and By-Laws were 
adopted by unanimous vote. 
The following committee reports were submitted 
and were approved without any dissenting votes. 


~~ eg 


REPORT OF THE RESOLUTIONS COMMITTEE 


1. Wuereas, Professor P. J. Parrott, one of the 
founders of the Eastern Branch of the Entomo- 
Jogical Society of America, died during the year just 
past, and whereas for so many years he was an out- 
standing leader in Entomology and an esteemed 
and respected counsellor to all entomologists, be it 
resolved that the Eastern Branch, through its Secre- 
tary, extend to Professor Parrott’s daughter Mar- 
garet, and to his son John, itsdeepest sympathy, and 
by this resolution convey to them some measure of 
the universal respect in which he was held. 

2. WuereEas, the following members have died 
since the last meeting of the Eastern Branch, be it 
resolved that the Eastern Branch, through its 
Secretary, extend its sympathy to their families: 

(1) Dr. W. E. Blauvelt 

(2) Dr. L. B. Norton 

(3) Mr. A. F. Burgess 

(4) Mr. James A. Hyslop 

(5) Mr. William R. Walton 

(6) Dr. Ralph B. Swain 

(7) Prof. O. G. Anderson 

(8) Prof. Nathan Banks 

3. Wuereas, the management of the Bellevue- 
Stratford Hotel, owing to unforeseen circumstances 
was given very short notice of this meeting, and 
nevertheless furnished us with such excellent ac- 
commodations and facilities, be it resolved that the 
Eastern Branch extend to the hotel management 
and especially to Miss Adele M. Downey, its thanks 
and appreciation. 

4. Wuereas, the committees and officers respon- 
sible for arrangements for its annual meeting have 
functioned so well to provide the facilities and pro- 
gram for a successful meeting, be it resolved that 
the Eastern Branch extend to its officers, Dr. P. J. 
CuapMANn, Dr. H. G. WALKER and Dr. B. F. Dric- 
Gers; to the Program Committee, Dr. C. C. ALEX- 
ANDER, Dr. E. H. WHeever and Dr. A. B. GuRNEY 
its thanks and appreciation. 

5. Wuereas, the United States Bureau of Ento- 
mology and Plant Quarantine as an administrative 
unit within the Department of Agriculture has for 
many years accomplished outstanding achievements 
in Entomology, and as such a unit has also estab- 
lished productive and effective cooperative rela- 
tionships with agricultural and entomological 
agencies in the several states, 
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Be Ir ResoLvep: 

1. That the Eastern Branch of the Entomological 
Society of America, comprising more than 800 
entomologists, expresses its deep and vital in- 
terest in and concern with any reorganization 
plans that have been effected or are contem- 
plated. 

2. That the Eastern Branch especially urges the 
most careful consideration of any plans to dis- 
associate the research and related fields in 
Entomology, because it feels that progress and 
achievement in Entomology can best be ac- 
complished when the related branches are co- 
ordinated. 

3. That the Eastern Branch, recognizing that the 
reorganization plans are being made by sincere 
administrators who have the broad aspects of 
government economy and service in mind, and 
realizing that all of the contemplated changes 
are not as yet known or fully decided upon, 
recommends, on the basis of its present .know- 
ledge, that insofar as possible the work in 
Entomology be kept under one administrative 
direction as recommended by the Entomolog- 
gical Society of America Special Committee 
on the Welfare of Entomology as Affected by 
Reorganization of the U. S. Department of 
Agriculture. 

+. Be It Furtuer Resotven that the collective 
opinion of this Society as expressed above, be 
communicated immediately by the Secretary to 
the Secretary of Agriculture and to such other 
officials as shall be considered appropriate by 
the officers of this Society, and that a copy of 
this Resolution be sent also immediately to 
the President of the Entomological Society 
of America, to be used by him as he sees fit in 
his capacity as President of that Society. 

Respectfully submitted, 
GrorGeE S. Lanerorp 
Ray R. Kriver 
Water E. Fiemine 
D. L. Cottrns, Chairman 
REpPoRT OF THE AUpDITING COMMITTEE 
Your Auditing Committee has examined the 
financial statement, books and records of the Sec- 
retary-Treasurer (Dr. B. F. Driaeers) and finds 
them correct and in good order. 
Respectfully submitted, 
Mortimer D. LEoNARD 
J. O. Pepper, Chairman 


REPORT OF THE NOMINATING COMMITTEE 


Your Committee proposes the following names to 
serve as officers of the Eastern Branch, Entomologi- 
cal Society of America, for 1954: 

Chairman: Dr. H. G. WALKER 
Chairman-elect: Dr. EutswortH H. WHEELER 
Secretary-Treasurer: Dr. Byruey F. DricGers 
Rep. to Governing Board: Dr. B. A. Porter 

Respectfully submitted, 

Epwin GouLp 

F. Ray Barron 

R. 1. SAtLer 

Fioyp F. Suitru, Chairman 





PROCEEDINGS OF THE TWENTY-EIGHTH 
ANNUAL MEETING 


Tue Cortron STATES BRANCH, 


ENTOMOLOGICAL SOCIETY OF AMERICA, 


The twenty-eighth annual meeting of the Cotton 
States Branch, Entomological Society of America, 
was held in the Buena Vista Hotel in Biloxi, Missis- 
sippi, on January 25, 26, and 27, 1954. One hundred 
sixty-seven members registered for the three-day 
meeting. Chairman F. S$. Arant opened the meeting 
promptly at 9.30 a.m. on January 25. The minutes 
of the last meeting and the report of the secretary 
were approved as read. Chairman Arant appointed 
the following committees: 
Auditing: C. M. Beckuam, W. G. Even, and 
Herman Mayevux, Chairman 

Nominating: H. C. Youne, S. L. Catnoun, and 
K. L. Cockernam, Chairman 

Resolutions: J. T. Cretcuton, L. C. Free, and 
C. F. Smrru, Chairman 

Vice-chairman H. C. Young assumed the chair and 
presented Chairman Arant for the annual address 
of the chairman. The title of his address was “In- 
sects as a Limiting Factor in Agricultural Produc 
tion.” 

Dr. H. H. Ross, president of the Entomological 
Society of America, represented the parent associa 
tion at the meeting. In his address he discussed the 
functions and the current problems of the national 
society. 

Mr. Paul Mayfield, president of the National 
Agricultural Chemicals Association, in his address, 
pointed out that the oversupply of insecticides that 
had been built up in 1952 and 1953 had been almost 
exhausted. 

Other invitational papers were presented by Dr. 
E. F. Knipling and Dr. F. C. Bishopp. 

Forty-one papers were presented during the three- 
day meeting. The papers covered a wide variety of 
work being carried on within the area of the Cotton 
States Branch. Paper reading sessions were pre- 
sided over by the following: L. D. Newsom, S. L. 
Calhoun, J. T. Creighton, Gordon Barnes, L. C. 
Fife, H. C. Young, and Charles Lincoln. 

The program committee was composed of C. F. 
Smith, R. J. Kowal, H. S. Mayeux, H. F. Schoof, 
and W. G. Eden, Chairman. 

The loca] arrangements committee was composed 
of C. C. Fancher, F. J. Bartlett, J. P. Toffaleti, and 
W. G. Bruce, Chairman. 

J. F. White was in charge of publicity. 

In the business session, the following business was 
approved. 

SECRETARY'S REPORT 

The Secretary’s report showed a membership of 
518 of the Entomological Society of America residing 
within the area covered by the Cotton States 
Branch. Notices of the 28th Annual Meeting were 
sent to all 518 members. 


Report OF THE EXECUTIVE COMMITTEE 
Chairman Arant reported that the executive com- 
mittee met on January 25, 1954 with 13 members 
present. They made the following recommenda- 
tions: 
That a committee composed of F. S. Arant, 
K. L. Cockerham and the new chairman of the 


January 25, 26, and 27, 1954 
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Cotton States Branch (W. G. Bruce) contact B. B, 
Jones and the executive committee of Southern 
Agricultural Workers in regard to getting them to 
approve the policy adopted by the Cotton States 
Branch of meeting with the Southern Agricultura] 
Workers 

This policy is to remain affiliated with the 
Southern Agricultural Workers and meet with 
them when they meet in our territory, but reserve 
the right to meet separately when they meet out 
of our territory, or when we wish to meet with the 
Entomological Society of America, if it meets 
within our territory. 

It is further recommended that the executive 
committee of Southern Agricultural Workers be 
urged to help get favorable approval of this policy 
from the Southern Directors of Experiment Sta- 
tions and Extension Services. 


Report oF AUDITING COMMITTEE 


We, the auditing committee of the Cotton States 
Branch, ESA, have examined the books and ac- 
counts submitted by the Secretary-Treasurer, L. C. 
Murphree, State College, Mississippi, for the year 
1953-54. The following balance is now on hand: 


Checking Account $443.41 
Savings Account. 134.38 


$577 .79 


+ 2.0, 96 60 ds 





Tora. 


The accounts are balanced with receipts and 
vouchers attached and appear true and correct. 
Respectfully submitted, 
Herman Mayevx, Chairman 
C. M. BeckuamM 
W. G. Even 


Report oF NOMINATING COMMITTEE 


The nominationg committee has carefully con- 
sidered the many fine members of this Branch for 
officers for the coming year and believe that those 
members whose names we are submitting, will, be- 
cause of their long and faithful association with and 
service to our organization, serve it with honor and 
distinction. 

We submit the following for officers for the coming 
year: 

W. G. Bruce, Chairman 

J.G. Warts, Chairman-Elect 

W. G. EpeEn, Secretary-Treasurer 
Respectifully submitted, 
K. L. Cockreruam, Chairman 
H. C. Youne 
S. L. Catnoun 


FINANCIAL STATEMENT OF THE Corton 
Srates Brancnu, ESA, January 25, 1954 


Receipts: 


Checking account balance, February 9, 1953 $410.41 
Savings account balance, February 9, 1953 133.05 
Registration fees, 1953 meeting. . . 157.00 
Interest on savings account. . 1.33 

8701.79 
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Disbursements: 
February 13, 1953 
March 25, 1953 
April 8, 1953 
April 20, 1953 


Recap paper 
Letter-head paper. . 
250 stamped envelopes. 
Printing and nce cards 
about annual meeting. . 
September 4, 1953 Mimeographing letter about 
annual meeting. . 
November 14, 1953 Postage of notices for annual 
meeting . 
November 16, 1953 Contribution to gift for Dr. 
L. M. Peairs and E. N. Cory 50.00 
Printing banquet tickets and 
lapel tags. , 12.24 


January 8, 1954 


$124.00 
$577.79 


Total disbursements 
Balance on hand January 25, 1954 
Tora. $701.79 
Distributed as follows: 
Checking account, Security State Bank, Starkville, 
Mississippi . 4 
Savings account No. 88317, Atlanta National Bank, 
Atlanta, Georgia. . . 


$443.41 


Tora. $577.79 
Respectfully submitted, 
L. C. Murpurer, Secretary-Treasurer 


REPORT OF THE RESOLUTIONS COMMITTEE 


WHEREAS, several persons and organizations have 
contributed much to the success of this fine meeting, 

THEREFORE, be it resolved that the Cotton States 
Branch here convened in the Buena Vista Hotel, 
Biloxi, Mississippi on January 25, 26, & 27, 1954 
express thanks and appreciation to all those who 
have contributed to the success of the meeting and 
especially to the following: 

To Dr. F.S. Arant for his interest and untiring 
efforts in promoting entomology and in serving 
as Chairman of the Cotton States Branch, during 
the past year, and 

To Dr. W. G. Eden and other members of the 
Program Committee for arranging an interesting 
and diversified program, and 

To Mr. W. G. Bruce and other members of the 
committee on local arrangements for their fine 
work, and 

To Mr. J. F. White, for arranging for the pub- 
licity concerning this meeting, and 

To Mr. L. C. Murphree for the time and energy 
he has expended as Secretary-Treasurer of the 
Branch, and 

To Mr. H. C. Young for his cooperation and 
help as Vice-Chairman of the Branch, and 

To Prof. R. W. Harned for honoring the Branch 
with his presence at our annual meeting, thereby 
permitting his colleagues and friends to pay 
tribute to this beloved entomologist, and publicly 
recognize the great impact that he has had upon 
Southern and National Entomology, and 

To the management of the Buena Vista Hotel 
for making available the Hurricane Room for the 
meeting, and 

To Miss Amelia White for her assistance in 
registration and typing, and 

To Miss Juanita Balter for her assistance in ar- 
ranging accommodations. 

Wuergas, the proposed legislation concerned with 

pesticides, introduced by Congressman Miller, and 
popularly referred to as the “Miller Bill” and which 
has been assigned to the Congressional designation 
of H. R. 7125, encompasses the total aspect of the 
manufacture and application of pesticides, and pro- 
vides for the protection of the public to such an 
extent; and in addition, because of the pressing need 
for clarification of certain pesticide problems; 
_ Tuererore Be It Resotvep, that the Cotton 
States Branch of the Entomological Society of Amer- 
lca urges immediate consideration and early passage 
of this Bill. 

Whereas, the Cotton States Branch of the Ento- 
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mological Society of America, has gone on the record 
as endorsing H. R. 7125: 

Now TuHererore Be It Resotven, that the Sec- 
retary be instructed to communicate that Resolution 
to Congressman Charles A. Wolverton, Chairman, 
Interstate and Foreign Commerce Committee and 
in addition to the members of both Houses of Con- 
gress who represent the geographical area of the 
Cotton States Branch. 

Be Ir Furtuer Reso.tven, that the individual 
members of the Cotton States Branch, be urged to 
immediately contact their local Congressman, as 
well as other individuals and/or groups who possess 
a qualified interest in this matter, and urge their 
support of this Bill. 

Wuereas, God in His wisdom has taken from our 
midst Mr. P. W. Fattig, eminent taxonomist and 
resident of the State of Georgia, 

THEREFORE, BE It Resotven, that the Cotton 
States Branch express sincere regret at the passing 
of this great scientist and instruct the Secretary to 
send copies of this resolution with an expression of 
sympathy to members of his family. 

Wuereas, during the one-hundred years that pro- 
fessional entomology has existed as a science in the 
United States, it has been of great value in develop- 
ing the standards of health and economy that our 
nation now enjoys and 

Wuereas, the achievements attained have been 
influenced by the wisdom of leaders who have en- 
deavored to bring about a close coordination of all 
schools of the extremely broad, but highly spe- 
cialized science on both the state and national level, 
and 

Wuereas, the recent reorganization of the United 
States Department of Agriculture that has divided 
the Bureau of Entomology and Plant Quarantine 
into several administrative and operational phases 
that will greatly increase the problem of maintaining 
that coordination and cooperation so essential to 
maximum progress in meeting the insect control 
problems, 

Tuererore, Be Ir Resoiven, that the Cotton 
States Branch of the Entomological Society of Amer- 
ica appeal to the Board of Governors of the parent 
association as follows: 

1. That Said Board request of the principal of- 
ficials of the United States Department of 
Agriculture an early and careful review of all 
reorganization actions that have been taken 
pertaining to administration and operational 
activities in entomology on the Federal level, 
with the objective of bringing about a regroup- 
ing of separated activities where justification 
for regrouping can be demonstrated. 

. That the Board review the Budgetary allot- 
ments as presented in the President’s Budget 
message to Congress, and urge immediate and 
careful consideration of the need for restoring 
funds for insect control, plant quarantine, and 
research projects, when such restoration is 
deemed essential to proper continuation of 
those projects that are considered essential to 
the agricultural and social advancement of the 
nation. 

Be It Furtuer Resotven, that these resolutions 
be spread upon the minutes of the Cotton States 
Branch of the Entomological Society of America and 
that copies be sent to the President and Executive 
Secretary of this organization, and that copies of the 
individual resolutions be sent to interested indi- 
viduals or organizations for their information or ac- 
tion as they see fit. 

Respectfully submitted 

L. C. Fire 

Joun T. CREIGHTON 
CiybE F. Smitu, Chairman 





PROCEEDINGS OF THE SECOND ANNUAL MEETING 
SOUTHWESTERN BRANCH 
ENTOMOLOGICAL SOCIETY OF AMERICA 
Dallas, Texas, February 1-3, 1954 


The second annual meeting of the Southwestern 
Branch of the Entomological Society of America 
was held in Dallas, Texas, February 1-3, 1954. The 
meeting was called to order by Chairman D. E. 
Howell. Following the invocation, Vice-chairman 
Douglas C. Earley assumed the chair and presented 
Mr. Vernon S. Smith, Mayor, pro tem, of Dallas. who 
gave an address of welcome. Following this address, 
Mr. Earley introduced the Chairman, D. E. Howell, 
who gave the annual address entitled, “Let’s Talk 
Entomology.” 

The assembled group of 221 enjoyed an address 
by Herbert H. Ross, President of the Entomological 
Society of America. Following Dr. Ross’ invita- 
tional address, a joint meeting was held with the 
Southern Agricultural Workers Association, which 
was meeting in conjunction with the Southwestern 
branch of ESA. 

Under the chairmanship of D. E. Howell, the fol- 
lowing invitationa] papers were given: “History of 
the Pink Bollworm Control Program,” by F. I. 
Jeffrey, Bureau of Entomology and Plant Quaran- 
tine, San Antonio, Texas; “Early Research on the 
Control of the Pink Bollworm,” by F. A. Fenton, 
Oklahoma A. & M. College, Stillwater, Oklahoma; 
“Organization and Objectives of the Pink Bollworm 
Research Center,” Brownsville, Texas, by F. C. 
Bishopp; and “The State’s Responsibilities in the 
Pink Bollworm Control Program,” by J. C. Gaines, 
Texas A.&M. College. 

Fifty submitted papers were presented during the 
meeting. 

The annual banquet was held at 7:30 p.m. on Feb. 
2nd with Mr. C. B. Spencer, Agricultural Director 
of the Texas Cotton Seed Crushers Association, 
master of ceremonies. 

Chairman Howell called for the following reports: 


TREASURER’S REPORT 


2-26-53 Balance on hand $519.78 
Rece ipts: 
3-9-53 Registration 192.00 
3-16-53 Ticket Refund (Garon 11.98 
BALANCE $723.76 
Disbursements: 
Printing $359.43 
Stationery and supplies 79.25 
Photography 20.00 
Stamps 25.98 
Badges 33.20 
Telegrams 3.438 
Honorarium 50.00 
$571.29 571.29 
$152.47 


BALANc! 
Respectfully submitted, 
Cuarues A. Kino, Jr., 
Secretary-Treasurer 


Report OF THE AupDITING COMMITTEE 


We, the Auditing Committee of the Southwestern 
Branch, Entomological Society of America, have, on 
this 2nd day of February, 1954, examined the re- 
ceipts and expenditures of the Secretary-Treasurer 


of the Branch and do hereby certify that said receipts 
and expenditures are in order. 
Respectfully submitted, 
J. R. Ever, Chairman 
R. R. Watton 
Howarp TEER 


REPORT ON THE 1955 MEETING 


It was moved, seconded and passed, that the 1955 
Meeting shall be held in a joint meeting with the 
Annual Meeting of the Entomological Society of 
America in December 1954 in Houston, Texas. The 
proposal was unanimously adopted. 

Cuarugs A. Kina, JR., 
Secretary-Treasurer 


REPORT OF THE NOMINATING COMMITTEE 


The nominating committee nominated committee 
officers for 1954 as follows: 

Chairman: Joun LANDRUM 

Chairman-elect: D1AL MARTIN 

Secretary-Treasurer: CHARLES A. Kina, JR. 

Member Executive Committee: CHARLES M. Mrap- 

ows 

The membership unanimously approved the nomi- 

nations. 


REPORT OF THE COMMITTEE ON 
RESOLUTIONS 


I. Be it resolved that the management of the 
Hotel Adolphus be commended for the excellent 
facilities which have been provided for our meeting 
and that a letter to this effect be transmitted to said 
manager by the secretary. 

II. Be it also resolved that we greatly appreciate 
the work of the Program Committee; Manning A. 
Price, Charles A. King, Clyde A. Bower and R. C. 
Bushland, for the excellent organization of the pro- 
gram. 

III. Be it resolved that a letter of appreciation 
also be transmitted by the secretary to Dr. H. H. 
Ross, President of the Entomological Society of 
America, expressing our appreciation for his attend- 
ance at, and participation in, our meeting. 

IV. Be it further resolved that we commend By- 
ron Williamson, W. E. Akin, Kenneth T. Givens, 
and C. R. Parencia, who as members of the local 
arrangements committee, functioned so effectively 
in the execution of their duties. 

V. We are indeed grateful that it was possible for 
Dr. Otto Hecht, as a representative of the Mexican 
Entomological Society, to attend our meeting, and 
be it resolved that our secretary prepare a letter to 
the President, Mexican Entomological Society, 
expressing those sentiments. 

VI. Be it resolved that we are indeed greatly ap- 
preciative to members of industry who provided for 
the excellent refreshments and that we express our 
thanks to them. 

VII. Be it resolved that the Society express its 
sorrow at the passing of Dr. Harold Waters, a faith- 
ful member 
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VIII. Whereas the goals of the Amalgamated 
Society are now broader and more inclusive than 
those of either parent organization and may reflect 

ertain features that might be added with profit to 
existing Branch programs, and 

Whereas also the Branches, although having indi- 
vidual problems associated with their region, have 
many mutually helpful ideas, 

Therefore be it resolved that the Southwest 
Branch requests the Governing Board of the Society 
to investigate the possibility of the bringing about a 
meeting of the minds among the Branches with view 
of; (1) formulating concrete suggestions for Branch 
Program Committees, and (2) furthering the devel- 
opment of the Aims of the Society. 

It is further resolved that this resolution be trans- 
mitted immediately to the Executive Secretary of 
the Governing Board. 

IX. Finally, be it resolved that because the 
Southwestern Branch of the Entomological Society 
of America is in sympathy with and approves of 
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H.B. 7125, ‘‘a bill to amend the Federal Food, Drug 
and Cosmetic Act with respect to residues of pesti- 
cide chemicals in or on raw agricultural commodi- 
ties” it recommends its early consideration and 
adoption. 

Be it further resolved that a copy of this resolution 
be sent to Congressman Charles A. Wolverton, 
Chairman of the Interstate and Foreign Commerce 
Committee. 

X. Resolved that the Southwestern Branch of the 
Entomological Society of America commend the 
National Cotton Council of America for its active 
interest in promoting the coordinated research pro- 
gram on the pink bollworm now under way and that 
the Secretary of this Branch be instructed to send a 
copy of this resolution to Mr. Claud Welch, National 
Cotton Council, Memphis, Tennessee. 

Respectfully submitted, 
R. B. Eaps, Chairman 
Avueust Bazar 

F. A. FENTON 


PROCEEDINGS OF THE NINTH ANNUAL MEETING 


NortTH CENTRAL BRANCH 


ENTOMOLOGICAL SOCIETY OF AMERICA 


BUSINESS SESSIONS 
GrorGE C. Decker, Presiding 
Roy W. Rivas, Secretary 


First BUSINESS SESSION 
Tuurspay, Marcu 25, 1954 


The first business session at the Ninth Annual 
Meeting of the North Central Branch of the Ento- 
mological Society of America was called to order by 
Chairman Decker at 10:30 a.m. 

The Secretary was asked to report upon the ac- 
tions of the Executive Committee. The first meeting 
of the Executive Committee was held on March 24, 
1954, at Hotel Paxton, Omaha, Nebraska. The initial 
topic of discussion was the Branch contribution to 
the Cory-Peairs fund. A few months before the Na- 
tional Meeting of the Entomological Society of 
America it was suggested that Dr. E. N. Cory, 
formerly Secretary-Treasurer of the American Asso- 
ciation of Economic Entomologists, and Dr. L. M. 
Peairs, formerly Editor of the JourNaL or Eco- 
nomic Entomoioey, be honored with appropriate 
gifts in recognition of their continued and faithful 
service. This suggestion was adopted by all Branches 
and as a result of this action each man was presented 
with a gold watch at the Los Angeles meeting. Sev- 
eral of the Branches meeting before the National 
meeting were able to solicit their membership for 
advance contributions. Since this was impossible in 
the North Central Branch, the Executive Committee 
approved the project and contributed 850.00 to- 
wards this fund. In order to reimburse the Commit- 
tee, the membership will be solicited for contribu- 
tions immediately following the business session. 

The next topic of discussion at this meeting was 
the critical financial status of the Branch. Increases 
in general operating costs, the necessity of using 
professional projectionists and costs associated with 


the expanding membership have made it necessary 
to operate on an unbalanced budget for the past 2 
years. Since the Constitution permits the registra- 
tion fee and the cost of the Proceedings to be set by 
the Executive Committee, it was generally agreed 
that the only way to meet the situation was to raise 
the registration fee 50 cents. Therefore, the registra- 
tion fee and the cost of the Proceedings was set at 
&3 by the Committee prior to the 1954 meeting. 

The next subject discussed by the Committee was 
the time and place of the 1956 meeting. The 1955 
meeting will be held in East Lansing, Michigan on 
March 24 and 25. Since the time and place of the 
annual meeting must be set 2 years in advance, the 
Committee selected Lafayette, Indiana for the 1956 
meeting and the dates, March 29 and 30. 

The membership unanimously approved the ac- 
tion of the Executive Committee on the selection of 
the time and place of the 1956 meeting. 

Chairman Decker appointed the following com- 
mittees: 

Resolutions Committee: 

C.D. Micnensr, Chairman 
J. W. INcram 
STERLING Kyp 
J. B. Moore 
Recording Commitiee: 
Ray Everty, Recorder 
Roy W. Rinxes 

Chairman Decker asked the Committee on Revi- 
sion of the Constitution to report. 

Chairman H. M. Harris of the Revision Commit- 
tee reported that no changes were contemplated in 
the present constitution and asked that the Com- 
mittee be discharged until further need for it arises. 

Chairman Decker called upon Howard Deay of 
the Nominating Committee to present the nomina- 
tions for new officers of the Branch. 

Chairman-elect: 

Haroip GUNDERSON 
Don Hamiuton 
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Representative to the Governing Board: 
J. W. APPLE 
C. E. Micke 

Executive Committee Member at Large: 
C. C. Compton 
R. E. Hi 

Chairman Decker mentioned the problems con- 
fronting the Program Committee particularly in re- 
gard to extending the 2-day meeting period to a 8- 
day meeting period to reduce the excessive number 
of concurrent sessions. 

The meeting was adjourned by the Chairman at 
11:30 A.M. 

FiInAL BusINEss SESSION 
Fripay, Marcu 26, 1954 

The final business session was called to order by 
Chairman Decker at 11 A.M. 

The Secretary was asked to report on further ac- 
tion of the Executive Committee. The only Com- 
mittee action was to discuss the advisability of ex- 
tending the meeting period from 2 to 3 days. Since 
the majority of the Committee favored a 3-day 
meeting, the Executive Committee suggested that 
the dates for the 1956 meeting at Lafayette be 
amended so that a 3-day meeting could be held. The 
suggested dates were March 28, 29 and 30, providing 
that the March 28 date was approved by the Local 
Arrangements Committee. This action was subject 
to the approval of the membership. 

It was moved that the action of the Executive 
Committee be disapproved. This motion was sec- 
onded and considerable discussion followed. 

28 persons voted in favor of a 2-day meeting. 

56 persons voted in favor of a 3-day meeting. 
The motion was not passed. 

It was moved and seconded that the membership 
approve the dates set by the Executive Committee 
for the 1956 meeting. The membership unanimously 
approved the dates selected by the Executive Com- 
mittee. 

Chairman Decker next 
Report. 


-alled for the Treasurer's 


ry’ . 
PREASURER’S REPORT 
Credits: 

Balance in treasury March 18, 1953. . .68 
Registration fees at St. Louis meeting (329 regis- 

trations at $2.50) : .50 
Sale of Proceedings after St. Louis meeting (63 

1953 Proceedings at $2.50) .... 57.50 
Sale of 1946 to 1952 Proceedings (23 copies) 48.50 
From Monsanto Chemical Co. for projectionist’s 

ee .00 
Bank interest 3.28 
Surplus from 1953 registration 50 

TOTAL CREDITS $1,096.96 
Debits: 

Program committee expenses BY 8.8 
General Business Service for mimeographing & 

mailing 72. 
Projectionist’s fee at St. Louis meeting 
Public address system at St. Louis mee ting 30. 
J. W. Apple for St. Louis meeting (Sec’y-Treas.) 
R. T. Everly for St. Louis meeting (Recorder) 22.7 
Landes & Landes for fidelity bond..... ; 5. 
Democrat Printing Company (1953 Programs) 
Collier Printing Company (1954 Programs). . 
Commercial Printing Company (1953 Proceed- 

ings)... 
Cost of mé siling Proceedings 
Norma Itten for stenographic services 
Postage 
Recorder's fee 
J. W. Ingram for tae ment at St. Louis. . 
Doris Cripps for E..S.A. subscription list 
Wooster Office Eq oa nt for office supplies ; 

TOTAL DEBITS $1,166. 


Balance on hand March 24, 1954 . & —69.5 
Roy W. Rives 


Secretary-Treasurer 


JOURNAL OF Economic ENTOMOLOGY 


Vol. 


47, No. 5 


Report oF AUDITING COMMITTEE 


The Treasurer’s books have been audited and 
found correct, March 26, 1954. 
D. A. Witsur, Chairman 
E. T. Hrsps 
The Treasurer’s Report and the Auditing Com- 
mittee’s Report were accepted unanimously by the 
membership. 
The Chairman called for the report of the Reso- 
lutions Committee and the following resolutions 
were presented: 


REPORT OF THE RESOLUTIONS COMMITTEE 


Resolution No. 1 

WHEREAS, it is recognized that the use of pesti- 
cides is mandatory in the production of many 
food products, and 

WHEREAS, it is recognized that excessive pesticide 
residues in food products would constitute a 
hazard, and 

Wuereas, there is legislation now pending before 
both bodies of the United States Congress 
which recognizes these facts and provides for 
sensible and logical regulations which will ade- 
quately safeguard our food supply without 
interrupting required pesticide usage 

Be It Therefore Resolved, that the North Central 
Branch of the Entomological Society of Amer- 
ica strongly recommends early consideration 
and passage of the new Miller Bill, H.R. 7125, 
and the companion Aiken Bill, S. 2868, in the 
Senate. 

Be It Further Resolved, that copies of this resolu- 
tion be sent to Congressman Charles A. Wolver- 
ton, Chairman, House Committee on Interstate 
and Foreign Commerce; to Congressman A. L. 
Miller: to Senator John W. Bricker, Chairman, 
Senate Committee on Interstate and Foreign 
Commerce; and to Senator George D. Aiken. 


Resolution No. 2 

WuereEas, a Committee on the Welfare of Ento- 
mology in the United States Department of 
Agriculture representing our parent association, 
the Entomological Society of America, was 
graciously and courteously received by the 
Honorable J. Earl Coke, Assistant Secretary of 
Agriculture, and by Dr. B. T. Shaw, then Ad- 
ministrator of the . Agricultural Res earch Ad- 
ministration, and 

Wuereas, it would appear that several of the 
recommendations of this Committee received 
favorable consideration and in some degree 
influenced reorganization plans 

Be It Resolved, that we extend to these officials our 
appreciation for the consideration given to the 
representatives of our Society, however 

Wuereas, it has been asserted that the present 
assignments of some phases of entomological 
research are temporary and subject to review 

Be It Resolved, that the North Central Branch of 
the Entomrological Society of America respect- 
fully requests that said Welfare Committee or 
other duly designated representatives of the 
Entomological Society of America be given an 
opportunity to discuss with the Secretary of 
Agriculture or his duly designated representa- 
tives any plans for further reorganization of the 
Department that would further split or divide 
the activities of the Entomology Research 
Branch and thereby adversely affect the ef- 
ficiency and productivity of the entomological 
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research activities conducted in the United 
States Department of Agriculture. 

Be It Further Resolved, that copies of this resolu- 
tion be sent to Secretary of Agriculture Ezra 
Taft Benson; Assistant Secretary of Agriculture 
J. Earl Coke; and to Administrator B. T. Shaw 
of the Agricultural Research Service. 

Be It Further Resolved, that a copy of this resolu- 
tion be sent to the President of the Entomologi- 
cal Society of America for such action as seems 
desirable. 

Resolution No. 3 

WHEREAS, regulation of the movement in inter- 
state commerce of plant materials which might 
transmit serious plant pests and diseases not 
now widely distributed in the United States is 
primarily a function of the federal government, 
and 

Wuereas, the control of such pests and diseases is 

* closely associated with such regulation, and 

Wuereas, the discharge of such functions can be 
achieved in a more effective and economical 
manner either by the federal government or on 
a cooperative federal-state basis 

Be It Resolved, that the North Central Branch of 
the Entomological Society of America is 
alarmed by the apparent current expectation, 
as reflected in the budget of the United States 
Department of Agriculture for the 1955 fiscal 
year, of reducing or terminating federal par- 
ticipation in this important function, and urges 
a re-examination by federal authorities in con- 
sultation with state plant quarantine officials, 
of the future policy and of the financial support 
for this vital matter. 

Be It Further Resolved, that copies of this resolu- 
tion be sent to Secretary Ezra Taft Benson and 
also to the following: Dr. M. R. Clarkson, Mr. 
Charles Figy, Mr. Avery S. Hoyt, Mr. E. P. 
Reagan, Dr. W. L. Popham, also to Congress- 
man August H. Anderson, Chairman of the 
Subcommittee on Agricultural Appropriations 
of the House of Representatives, and Senator 
Milton R. Young, Chairman of the Subcom- 
mittee of Agricultural Appropriations of the 
United States Senate, and also to the President 
of the Entomological Society of America for 
such action as he deems desirable. 

Resolution No. 4 

Wuenreas, the national meetings of the Entomo- 
logical Society of America provide an oppor- 
tunity for formal presentation of papers, and 

WHEREAS, discussion-type meetings such as the 
North Central Branch has long held are both 
beneficial and desirable 

Be It Therefore Resolved, that Chairman Decker 
be commended on his efforts to emphasize in- 
formality of presentations at this meeting, and 

Be It Further Resolved, that this informal method 
be encouraged at subsequent meetings. 

Resolution No. 5 

Whereas, the success of these meetings has re- 
sulted from the contributions of many persons 

Re It Resolved, that our thanks and appreciation 
be extended to our officers and executive com- 
mittee, our program committee, and our local 
arrangements committee for their time and 
effort which made this meeting a success. 

Resolution No. 6 

Wuereas, the North Central Branch is now a part 
ofghe recently organized Entomological Society 
of America 

Be It Resolved, that our thanks be extended to the 
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Entomological Society of America for its en- 
couragement and cooperation, and 

Be It Further Resolved, that our appreciation be 

made known to Dr. Herbert H. Ross, President 
of the Entomological Society of America, for his 
attendance and contributions. 

Resolutions 1, 2, 3, 5, and 6 were accepted unani- 
mously by the membership. 

The following discussion resulted from Resolu- 
tion 4. 

Haritow Mitts: Does your resolution imply that 
all sessions, including the General Session and the 
General Session on Economic Entomology, be con- 
fined to a discussion type of meeting? 

C. D. Micuener: That was not the intention of 
the resolution. Perhaps a change in wording will 
correct this impression. (Accordingly, the last phrase 
of the resolution was altered from “that this informal 
method be continued at subsequent meetings.” to 
“that this informal method be encouraged at subse- 
quent meetings.’’) 

Chairman Decker mentioned the coming Centen- 
nial Celebration of Entomology which is headed by 
David Hall of the United States Department of 
Agriculture. The U.S.D.A. pamphlet “Fighting Our 
Insect Enemies,” which describes the achievements 
of professional entomologists from 1854 to 1954, 
was mentioned. Chairman Decker also displayed a 
portfolio of information assembled by federal en- 
tomologists which described plans for the Centen- 
nial festivities in Washington and information on 
insect problems and control methods. This port- 
folio was known as “Insect Facts” and was prepared 
for release to radio and television stations and to 
State Leaders of the Centennial Celebration. 

Chairman Decker called for the report of the 
Nominating Committee consisting of Chairman 
Howard O. Deay, Fred Fletcher, and M. W. San- 
derson. 

The nominating committee has counted the bal- 
lots cast for the officers of the North Central States 
Branch of the E.S.A. and find that the following 
have received the highest number of votes: 

Chairman-elect: HAroLD GUNDERSON 

Re pesentative to the Governing Board: J. W. Apple 

Executive Committee Member at Large: R. F. Hii 
Therefore, we declare them to be elected. 

H. O. Deay, Chairman 


Following the report of the Nominating Commit- 
tee, Chairman Decker turned the meeting over to 
the new Chairman, T. C. Allen. Howard Deay and 
Chairman Allen escorted the new Chairman-elect, 
Harold Gunderson, to the speaker’s table where he 
was introduced by Chairman Allen. 

Chairman Allen appointed the following com- 
mittees: 

Nominating: 

Witiram Hayes, Chairman 
GEORGE Kibo 
JoHN OSMUN 
Program: 
C. R. Weaver, Chairman 
HERBERT KNUTSON 
MarsHatt MAGNER 
Local Arrangements: 
FRANKLIN SHERMAN, IIT, Chairman 
FreD FLETCHER 
Ray Hutson 
FRANK PARMALEE 
Pau, YoOuNG 

Chairman Allen declared the meeting adjourned 

at 11:30 a.m. 











PROCEEDINGS OF THE THIRTY-EIGHTH 


ANNUAL MEETING OF THE PACIFIC BRANCH 


ENTOMOLOGICAL SOCIETY OF AMERICA 


The thirty-eighth annual meeting of the Pacific 
Branch was held at Bend, Oregon, June 22, 23, and 
24, 1954. The officers during the meeting were: 
Stanley B. Freeborn, Chairman; John B. Steinweden, 
Vice-Chairman; and Leslie M. Smith, Secretary- 
Treasurer. The chairmen of the various committees 
were: P. O. Ritcher, program; R. D. Eichmann, 
arrangements; Mrs. Jennie Eichmann, arrangements 
for ladies; O. B. Hitchcock, registration; R. W. 
Every, operations; A. F, Kirkpatrick, membership; 
C. A. Ferris, resolutions; H. H. Croell, auditing; 
Charles Starker, press; and A. B. Lemmon, nomina- 
tions. Acting chairmen at various times during the 
meeting were: S. B. Freeborn, P. O. Ritcher, R. D. 
Fichmann, C. A. Ferris and J. B. Steinweden. 

Dr. Herbert H. Ross, president of the Ento- 
mological Society of America, presented an interest- 
ing invitational] paper entitled “Our National Society 
in the Centennial Year.”’ Other invitational papers 
were: E. F. Knipling, “Reorganization of the Bureau 
of Entomology and Plant Quarantine”; FE. O. Fssig, 
“Some Historical Aspects of Pacific Coast Ento- 
mology”; B. G. Thompson, “An Entomologist in 
Iran”; Al Boyce, “One Hunderd Years of Insect 
Control by Chemicals”; Ralph Macy, “Food Habits 
of Lepidoptera”; and M. M. Barnes, “Specificity of 
Acaricides.” 

Panel discussions were as follows: “Entomology 
in the Roaring Twenties,” T. R. Chamberlin, moder- 
ator, Leroy Childs, H. A. Scullen, L. P. Rockwood, 
R. L. Webster, and W. W. Yates. 

“Soil Insecticides,” Harry Lange, moderator, M. 
H. Frost, L. C. Glover, E. C. Klostermeyer, C. E. 
Miller, H. E. Morrison, Mrs. Lois Sather and J. C. 
Elmore. 

“Integration of Laboratory and Field Research 
Methods,”’ L. C. Glover, moderator, W. H. Lange, 
T. E. Laningham, O. H. Fullmer, Larry Carruth, 
Walter Carter, and E. M. Stafford. 

On Wednesday afternoon, a collecting trip was 
held, sponsored by the Oregon Entomological So- 
ciety and under the leadership of Vince Roth. This 
trip was held concurrently with the paper reading 
session. 

The Executive Committee met twice and rendered 
the following decisions: 

1. The next meeting of the Pacific Branch will be 
held in Riverside, California in June 1955. 

2. Since the treasury of the Branch does not have 
sufficient funds to cover the expenses of the Branch 
during the 1954-55 fiscal year, the Secretary was 
instructed to solicit donations of one dollar from 
each member, by mail. 

3. The registration fee for the next meeting was 
fixed at two dollars. 

+. Future meetings of the Branch are to be held 
in metropolitan areas, rather than in resort areas. 

At the business meeting of the Branch, Mr. Roy 
Campbell moved that the Branch meetings be num- 
bered consecutively from the first meeting, which 
was held in 1916, and that the meetings of the 
Branch should not be numbered from the origin of 
the new Entomological Society of America. This mo- 
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tion was duly seconded and passed, and as a result 
this meeting shall be known as the thirty-eighth 
annual meeting of the Pacific Branch. 

Chairman Freeborn called for nominations from 
the floor to fill the vacancy on the Executive Com- 
mittee. Dr. Larry Carruth was nominated and duly 
elected, for a term of 3 years. 

Chairman Freeborn called for the following reports 
and each in turn was duly accepted by a vote of 
members present. 


TTREASURER’S REPORT 
Debits Credits 


June 26, 1953 Balance in treasury $167.08 
1. July 26 Printing checks 2 ee ie 
July 27 Extra line on checks. 50 
2. July 27 | are 8.00 
3. July 29 Mimeographin : 7.10 
4. August 14 Printing letterheads 31.00 
5. August 19 Mimeographing 7.65 
October 8 Registration fees and 
miscellaneous in- 
come : 506.65 
7. March 3, 1954 Rubber Stamp. . 1.96 
8. March 10 Stamped envelopes. . 47.58 
9. March 22 Addressing envelopes 36.00 
10. March 31 Index cards 3.09 
11. April 16 Stamped envelopes... 26.54 
12. April 22 Revising mailing list . 25.50 
13. May 11 Stamped envelopes . . 36.54 
14. May 11 Addressing envelopes 27.00 
5. June 7 Mailing programs... . 33.00 
16. June 14 Printing programs, 
announcements, 
a F 228.53 
17. June 15 Miscellaneous typing 3.50 
Tora.s. . ert . 525.05 673.68 
June 22, 1954 Balance in treasury 148.63 


8673.68 $673.68 
REPORT OF THE AUDITING COMMITTEE 


We have examined the accounts of the Treasurer 
and find them to be correct. 
E. G. LiInsLey 
R. L. Metcaur 
H. H. Crowe tz, Chairman 


REPORT OF THE MEMBERSHIP COMMITTEE 


During the past year the Pacific Branch gained 47 
new members. The Executive Secretary, Ashley B. 
Gurney, supplied the Pacific Branch with a cor 
rected list of members, and this list plus the new 
members, brings the total membership of the Pacific 
Branch to 965. 

Epwarp ANTHON 
GEORGE BoHArt 
WaLTeR CARTER 
_ Ricuarp Dovuttr 
Harowp Lewis 
Pauw RitcHer 
Frank Kirkpatrick, Chairman 


REPoRT OF THE RESOLUTIONS COMMITTEE 


Resolution No. 1 
Wuereas, the members of the Pacific Branch of 
the Entomological Society of America, their@amilies 
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and guests, have enjoyed an excellent program, and 

Wuereas, the thirty-eighth annual meeting of the 
Pacific Branch has provided an excellent oppor- 
tunity to renew old friendships and to make new 
ones; 

Be It Tuererore Reso.vep, that the member- 
ship express its appreciation to the following indi- 
viduals and organizations who were responsible for 
the success of the meeting, 

a) To the program committee, P. O. Ritcher, 

chairman. 

To the committee on arrangements, R. D. 
Eichmann, chairman. 

To the committee on arrangements for the 
ladies, Mrs. R. D. Eichmann, chairman. 

To all other committees, officers and members 
who contributed so much to the success of the 
meeting. 

») To Dr. Herbert H. Ross, President of the Ento- 
mological Society of America, and, Dr. E. F. 
Knipling, Chief of the Entomological Research 
Branch of the Agricultural Research Service. 
To Marion Cady of the Bend Chamber of 
Commerce for his assistance; the Hollingshead 
Ranch; and, the Rim Rock Riders for the 
Buckaroo Breakfast. 

g) To the Oregon Entomological Society for spon- 
soring the collecting trip, and 

Be It REsotven, that the Secretary be instructed 
to send a letter of thanks to each of the above. 


Resolution No. 2 


Wuereas, for many years farmers, chemical 
manufacturers and professional research entomolo- 
gists have sought aid by federal legislation for au- 
thority to proceed in a safe and scientific fashion to 
protect growing food crops from insect and disease 
depredations, and yet be safe for human consump- 
tion and, 

Wuereas, the Miller Bill (H.R. 7125) and the 
Aiken Bill (S. 2868) are the result of long intensive 
study and deliberation and represent the most con- 
structive approach to the problem of producing in- 
sect- and disease-free agricultural products by a 
well advised body of growers, and with no danger 
to the consuming public 

THEREFORE, Be Ir Reso.ven, that the Pacific 
Branch of the Entomological Society of America, 
assembled in annual meeting, June 24, 1954, urge 
early consideration and passage of the Miller- 
Aiken Bill, and 

Br Iv Furtuer REsotven, that the Secretary be 
instructed to send a copy of this resolution to 
Senator H. Alexander Smith, Chairman of the Labor 
and Public Welfare Committee, Senate Office Build- 
ing, Washington, D. C. 
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Resolution No. 3 

Wnuereas, 21 professional associations now ac- 
credit colleges and universities, including chemistry, 
dentistry, forestry, medicine, landscape architecture, 
pharmacy, engineering, and law, and 

Whereas, this is an essential step in elevating the 
standards of science to those of a profession, and 

Wuereas, there now exists a single, unified, 
national society, capable of directing procedures of 
accreditation, and 

Wuereas, the elevation of entomology to profes- 
sional status is not only desirable, but essential, by 
reason of the huge and rapidly growing total of 
entomological knowledge, 

TuereroreE Be It Resotven, that the Pacific 
Branch requests the National Governing Board of 
the Entomological Society of America to instruct 
the national President to appoint a fact-finding 
committee to study the feasibility of accreditation 
in entomology, and that this committee should re- 
port its findings and recommendations at the na- 
tional meeting held in December, 1955. 

E. P. Breaky 
D. C. Mors 
C. A. Ferris, Chairman 


REPORT OF THE NOMINATING COMMITTEE 


The Nominating Committee suggests officers for 
1954-55 as follows: 

Chairman—John B. Steinweden. This follows the 
custom of elevating Vice-Chairman of one year to 
the chairmanship for the next year. 

Chairman-elect—Walter Carter. It has been the 
custom to nominate in more or less rotation candi- 
dates for this office from the United States Depart- 
ment of Agriculture, universities, states, counties, 
and industry. In the course of such rotation it is 
time to select one from industry and the committee, 
after due consideration, unanimously agreed that the 
honor should go to Walter Carter, both in recogni- 
tion of his contributions in the field of entomology 
and in recognition of Hawaii. 

Secretary-Treasurer—Leslie M. Smith was elected 
for a 3-year period at the 1953 meeting and therefore 
this position does not come up for election at this 
time. 

I move the nominations be accepted. 

J. H. FrerraG 
Wituram M. Upno.r 
ALLEN B. Lemmon, Chairman 


The members enjoyed a banquet, floor show, and 
dance. An out-door breakfast was held on a ranch 
near Bend. Additional entertainment for the ladies 
included bus trips to Pilot Butte, Lava Caves, and 
Peterson Rock Gardens; and two luncheons. A total 
of 191 members registered and wives and children 
brought the total attendance to 300. 





Bigger yields with 


ARAMITE 


UNTREATED 
KIDNEY BEANS 


TREATED WITH 
ARAMITE 


More money for growers! 


Aramite, today’s safest strongest mite- 
killer, promises growers bigger, more 
profitable yields of better fruits, vege- 
tables, row crops, cotton and orna- 
mentals. This is possible because 
Aramite can effectively control a wide 
variety of mites at low cost per acre 
without harming humans, animals or 
crops. Further advantages of Aramite 
are ease of use, long residual effect, 
high compatibility and harmlessness 
to natural predators. 


Naugatuck Chemical 





is Division of United States Rubber Company 
ELM STREET, NAUGATUCK, CONNECTICUT 
producers of seed protectants, fungicides, miti- 
cides, insecticides, growth retardants, herbicides: 
Spergon, Phygon, Aramite, Synklor, MH, Atanap. 
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BOOKS FOR SALE: Blatchley—Heteroptera or 


True Bugs of Eastern North America, 1926, 
1,116 pp., 12 plates, 215 figures, 1,253 species 
treated. Cloth Bound, $10.00. 


Blatchley—Orthoptera of Northeastern America. 
1920, 784 pp. 7 plates, 246 figures. Paper Bind- 
ing, $5.00. 


Blatchley and Leng—Rhynchophora or Weevils 
of Northeastern America. 1916, 682 pp. 155 fig- 
ures, 1,084 species treated. Paper Binding, $4.00 


Blatchley—Coleoptera of Indiana. A very few 
newly bound copies of this rare book available, 


$50.00. 


Blatchley Nature Study Club, Noblesville, Indiana 





FOR SALE: Journal of Economic Entomology. 


Complete sets of Volumes Nos. 7, 8, 9, 10, 17, 20, 
21, 43 and 46. Incomplete sets as follows: Vol. 
13, No. 1 only; Vol. 20, Nos. 1, 2 and 6; Vol. 
22, Nos. 1, 2, 4, 5, 6; Vol. 23, Nos. 1, 2, 3, 4, 6; 
Vol. 24, Nos. 2, 3, 4, 6; Vol. 44, No. 1 only; 
Vol. 45, Nos. 1, 2, 5, 6. Complete volumes $3.00 
each, not to be broken. Incomplete sets 50¢ each 
number, plus postage on small orders. Also In- 
dex Special Publication No. 7, 1940-1944. T. F. 
McGehee, Box 472, Gulfport, Mississippi. 





POSITION WANTED: Entomologist, Ph.D. 1953, 


five years research pest control, toxicology 
and field experience, two years overseas with 
chemical industry sales promotion, one year 
in charge vector control, desires teaching or 
research position. Industrial overseas is accept- 
able. Write Box W, Entomological Society of 
America, 1530 P Street, N.W., Washington 5, 
D.C. 








